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ABSTRACT 



Cold flow tests of a four nozzle eductor system were 
conducted to evaluate the system's performance with the 
following geometric modifications: changing the area ratio 

of the mixing stack to primary flow nozzles from 3.0 to 2.5; 
adding a solid diffusor to the exit of the mixing stack; 
adding two- and three-ring diffusors to the exit of the mixing 
stack; adding film cooling ports along the length of the 
mixing stack; and combining the effects of film cooling ports, 
a two-ring diffusor and a shroud. Non-dimensional parameters 
governing the flow phenomena are developed from a one-dimensional 
analysis of a simple eductor system based on the conservation 
of momentum for an incompressible gas. The eductor perform- 
ance is evaluated in terms of these non-dimensional parameters. 
Within the range of modifications considered, the configuration 
with the film cooling ports, shroud and two diffusor rings 
provided the best overall eductor system performance. 
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NOMENCLATURE 



English Letter Symbols 



A 



c 



C 

D 



Fa 




h 

k 

L 

P 



P 



a 



PMS 



R 

s 

S 

T 

u 

U 

V 



7V • 2 

Area, in. 

Sonic velocity, ft/sec 
Coefficient of discharge 
Diameter, in. 

Thermal expansion factor 
Wall skin-friction force, Ibf 

Proportionality factor in Newton's Second Law, 
= 32.174 Ibm-ft/lbf-sec^ 

Enthalpy, Btu/lbm 

Ratio of specific heats 

Length, in. 

Pressure, in. H 2 O 

Atmospheric pressure, in. Hg 

Velocity head, in. H 2 O 

Static pressure along length of mixing stack, 
in. H 2 O 

Gas constant for air, 53.34 f t-lbf/lbm-°R 
Entropy, Btu/lbm- °R 

Distance from primary nozzle exit to mixing 
stack or entrance transition entrance, in. 

Absolute temperature, °R 

Internal energy, Btu/lbm 

Velocity, ft/sec 

3 

Specific volume, ft /Ibm 
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w 


Mass flow rate, Ibm/sec 


X 


Axial distance from the entrance of the 
mixing stack, in. 


Y 


Expansion factor 



Dimensionless Groupings 



A* 


Secondary flow area to primary flow area ratio 


AR 


Area ratio 


f 


Friction factor 


K 


Flow coefficient 


K 

e 


Kinetic energy correction factor 


K 

m 


Momentum correction factor at the mixing 
stack exit 


K 

P 


Momentum correction factor at the primary 
nozzle exit 


M 


Mach number 


AP* 


Pressure coefficient 


PMS* 


Mixing stack pressure coefficient 


Re 


Reynolds Number 


S/D 


Standoff; Ratio of distance from entrance of 
mixing stack to diameter of mixing stack 


T* = TF* - 


Absolute temperature ratio of the film flow 
to primary flow 


1 

CO 

II 


Absolute temperature ratio of the secondary 
flow to primary flow 


T* = TT* - 


Absolute temperature ratio of the tertiary 
flow to primary flow 


W* = WF* - 


Film cooling mass flow rate to primary mass 
flow rate ratio 


W* = WS* - 

S 


Secondary mass flow rate to primary mass 
flow rate ratio 
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W* = WT* - 


Tertiary mass flow rate to primary mass 
flow rate ratio 


X/D 


Ratio of distance from entrance of mixing stack 
to diameter of mixing stack 


p* 


Induced flow density to primary flow density 


Greek Letter 
M 


Symbols 

2 

Absolute viscosity, Ibf-sec/ft 


p 


Density, Ibm/ft^ 


4 ) 


Split ring diffusor included angle 


Subscripts 

0 


Section within secondary air plenum 


1 


Section at primary nozzle exit 


2 


Section at mixing stack exit 


f 


Film cooling 


m - 


Mixed flow or mixing stack 


or 


Orifice 


P 


Primary 


s 


Secondary 


t 


Tertiary 


u - 


Uptake 


w - 


Mixing stack inside wall 



Tabulated Data 



MU 


Uptake Mach number 


PA-PNZ 


Pressure differential across secondary flow 
nozzles, in. H 2 O 


PA-PS 


Static pressure at mixing stack entrance 
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PMS 


— 


Mixing stack static pressure, in. H^O 


PTA 


- 


Velocity pressure head distribution at mixing 
stack exit along a diagonal traverse, in. H2O 


PTB 


- 


Velocity pressure head distribution at mixing 
stack exit along a horizontal traverse, in. H2O 


PU-PA 


- 


Static uptake pressure, in. H2O 


UM 


- 


Average velocity in mixing stack, ft/sec 


UP 


- 


Primary flow velocity at primary nozzle exit, 
ft/ sec 


UU 


- 


Primary flow velocity in uptake, ft/sec 


VA 


- 


Diagonal velocity traverse at mixing stack 
exit, ft/sec 


VB 


- 


Horizontal velocity traverse at mixing stack 
exit, ft/sec 


VAV 


- 


Average mixing stack exit velocity 
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INTRODUCTION 



I . 

With gas turbines becoming a more popular means of 
powering naval vessels, special considerations need to be 
given to their particular air breathing and exhausting 
characteristics. With air-fuel ratios of four to five times 
that of conventional steam plants and the requirement for a 
relatively large amount of combustion air, a large quantity 
of hot exhaust gas is generated. Due to gas turbine design, 
these exhaust gases are at temperatures significantly above 
those of conventionally powered ships. A few of the problems 
caused by these high temperatures are thermal damage to 
electronic equipment located in the mast of these ships, hot 
gas corrosion of the mast and other superstructures located in 
the hot gas wake, and a significant infrared radiation signa- 
ture created by the hot gas plume and hot external surfaces 
of the stack. 

This thesis is an extension of research done by Ellin [1]^ 
and Moss [2] to determine better geometric designs for the 
exhaust plenum and mixing stack system of gas turbine powered 
naval ships . 

Ellin initiated the work by constructing an eductor model 
testing facility consisting of an uptake, primary flow nozzle, 



Numbers in brackets correspond to the reference numbers 
in the Bibliography. 
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mixing stack, a means to control and measure the primary air 
flow, and a means to measure the secondary air flow; see 
Figure 1. The primary air flow in the testing facility repre- 
sents a gas turbine's hot exhaust gas. The secondary air 
flow is ambient air induced into the entrance of the mixing 
stack by the primary air flow; see Figure 2. From Ellin's 
study of multiple nozzle flow systems consisting of several 
identical round nozzles, it was determined that four primary 
flow nozzles were preferable to either three or five, and that 
nozzle length has little or no effect on the eductor system's 
overall performance. Ellin then verified the independence 
of the one-dimensional model correlation parameters used on 
flow rate or Mach number. He determined that for Mach numbers 
from 50% to 145% of the design Mach number of 0.064, the 
correlation parameters suggested in the one-dimensional analysis 
did in fact provide good correlation of the data. 

Moss' work followed, and it initially consisted of veri- 
fying the one-dimensional analysis as did Ellin. He then 
tested the effect of the stand off distance (that distance 
between the exit plane of the primary flow nozzles and the 
entrance plane of the mixing stack) . For the primary flow 
nozzles he tested. Moss determined that the optimum stand off 
distance for maximum eductor pumping was a distance equal to 
0.5 diameters (0.5 D^) of the mixing stack. An independent 
investigation of this, conducted by Harrell [3], confirmed 
Moss' findings. Moss then investigated the effects of a 
conical transition placed on the entrance to the mixing stack. 
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He concluded that a straight mixing stack without an entrance 
transition provided a better system performance. 

This current study, using the same basic testing facility, 
investigates the results of changing the primary flow nozzle 
to mixing stack area ratio, modifying the exit geometry of 
the mixing stack, and adding film cooling along the length 
of the stack. An overall mixing stack length of 2.5 D was 
chosen for testing as it was considered representative of 
mixing stack lengths used in gas turbine powered ships. 

Figures 1 and 2 provide a schematic representation of the 
model testing facility. Figures 3, 4, and 5 illustrate the 
locations of, and the terminology used, to define the air 
flows . 

The area ratio of the mixing stack to primary air flow 
nozzles was changed to reduce the uptake back pressure which 
is of concern because excessive uptake back pressure signi- 
ficantly reduces gas turbine operating efficiency. However, 
by lowering the uptake back pressure the primary nozzle exit 
velocity is reduced, and, therefore, the secondary air flow 
is also lowered. This loss in secondary air flow can be 
compensated for with modification to the mixing stack exit 
geometry and the addition of film cooling ports. 

The primary flow nozzles tested in this study are pictured 
in Figure 6 and shown dimensionally in Figure 7. The straight 
stack tested is dimensionally illustrated in Figure 8 and 
pictured in Figure 9. 
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Three modifications of the straight mixing stack exit 
geometries were investigated; a solid diffusor dimensionally 
illustrated in Figure 10 and pictured in Figure 11, a two- 
ring diffusor dimensionally illustrated in Figure 12 and 
pictured in Figure 13, and a three-ring diffusor dimensionally 
illustrated in Figure 14 and pictured in Figure 15. The 
addition of diffusor rings on the mixing stack introduced 
a tertiary air flow through the rings as shown in Figure 4. 

Additional modifications to the eductor system were made 
by cutting ports into the mixing stack as shown in Figures 16 
and 17. Air induced through these ports is termed film 
cooling air; see Figure 5. Tertiary and film cooling air 
is induced, ambient air with the primary purpose of convec- 
tively cooling the eductor system. This is contrasted with 
secondary air flow which is ambient air predominantly intended 
to reduce exhaust gas temperature by mixing. 

The combining of the diffusor rings and the ported mixing 
stack, as shown in Figures 18 and 19, constituted the next 
eductor system tested. 

The final model tested had a shroud added to the eductor 
system as shown in Figures 20, 21, and 22. The shroud was 
designed to direct the film cooling air along the exterior 
of the mixing stack to reduce the heat transfer between the 
mixing stack and the shroud. This acts as a thermal shield 
of the hot mixing stack to further reduce infrared radiation 
in addition to providing the source of air for the film 
cooling ports. 
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Evaluation of eductor system performance was measured in 
four areas: the amount of secondary air flow induced by the 

primary air flow, the degree of mixing of primary and induced 
air flows within the mixing stack system, the amount of uptake 
back pressure impressed upon the turbine exhaust by the educ- 
tor system, and the amount of film cooling air available to 
reduce the exterior stack temperature of the eductor system. 

The key factor which allows cold flow testing to predict 
the effects of a hot gas eductor system is the similarity of 
the momenttim and energy transfer mechanisms in turbulent flows. 
The momentum correction factor, defined as the ratio of the 
actual momentiom rate to the pseudo-rate based on the average 
velocity, is used as a measure of the degree of mixing at the 
exit plane of the mixing stack. Another measure of the degree 
of mixing is the ratio of the peak exit velocity to uptake 
velocity which also reflects the peak to average temperature 
ratios. Both these means were utilized in the evaluation of 
eductor system mixing abilities. 
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II. THEORY AND ANALYSIS 



This investigation, being an extension of the work of 
Ellin [1] and Moss [2] , uses the same one-dimensional analysis 
of a simple eductor system. Similarity between the basic 
geometry tested by Ellin and Moss was maintained in order to 
correlate data. The dimensionless parameters controlling the 
flow phenomenon used by Ellin were also used in this investi- 
gation along with the basic means of data analysis and presen- 
tation. Dynamic similarity was maintained by using Mach 
number similarity to establish the model's primary flow rate. 

Although the analysis presented here is for an eductor 
model with only primary and secondary air flows, it should be 
kept in mind that many of the results presented are for sys- 
tems with primary, secondary, and tertiary air flows. Systems 
with tertiary and film cooling air flows have been non-dimension- 
alized with the same base parameters as the secondary air 
flow and have been calculated using the same one-dimensional 
analysis. This allows for easy comparison of the results. 
Parameters pertaining to the secondary systems are subscripted 
with an "s", those relating to the tertiary box are subscripted 
with a "t" , and those relating to film cooling air with an "f". 

A. MODELING TECHNIQUE 

Dynamic similarity between the models tested and the actual 
prototype was maintained by using the same primary air flow 
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Mach number. For the primary air flow Mach number used 
(0.064), and based on the average flow properties within the 
mixing stack and the diameter of the mixing stack, the air 
flow through the eductor system is turbulent (Re > 10^). 

As a consequence of this , momentum exchange is predominant 
over shear interaction, and the kinetic and internal energy 
terms are more influential on the flow than are viscous forces. 
It can also be shown that the Mach number represents the ratio 
of kinetic energy of a flow to its internal energy and is, 
therefore, a more significant parameter than the Reynolds 
number in describing the primary flow through the uptakes. 

B. ONE- DIMENSIONAL ANALYSIS OF A SIMPLE EDUCTOR 

The theoretical analysis of an eductor may be approached 
in two ways. One method attempts to analyze the details of 
the mixing process of the primary and secondary air streams 
as it takes place inside the mixing stack. This requires an 
interpretation of the mixing phenomenon which, when applied 
to a multiple nozzle system, becomes extremely complex. The 
other method, which was chosen here, analyzes the overall 
performance of the eductor system and is not concerned with 
the actual mixing process. The one-dimensional analysis is 
based on a single primary nozzle exhausting into a mixing 
stack, as shown in Figure 23. To avoid repetition with pre- 
vious reports, only the main parameters and assumptions will 
be represented here. A complete derivation of analysis used 
can be found in references [1] and [4] . The one-dimensional 
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flow analysis of the simple eductor system described depends 
on the simultaneous solution of the continuity, momentum and 
energy equations coupled with the equation of state, all 
compatible with specific boundary conditions. 

The idealizations made for simplifying the analysis are 
as follows: 

1. The flow is steady state and incompressible. 

2. Adiabatic flow exists throughout the eductor with 
isentropic flow of the secondary stream from the plenum 
(at section 0) to the throat or entrance of the mixing 
stack (at section 1) and irreversible adiabatic mixing 
of the primary and secondary streams occurs in the 
mixing stack (between sections 1 and 2) . 

3. The static pressure across the flow at the entrance and exit 
planes of the mixing-tube (at sections 1 and 2) is uniform. 

4. At the mixing-stack entrance (section 1) the primary 
flow velocity and temperature T^ are uniform across 
the primary stream, and the secondary flow velocity 
and temperature T^ are uniform across the secondary 
stream, but U does not equal U , and T does not equal T . 

5. Incomplete mixing of the primary and secondary streams 

in the mixing stack is accounted for by the use of a 

non-dimensional momentum correction factor K which 

m 

relates the actual momentum rate to the pseudo-rate 
based on the bulk-average velocity and density and by 
the use of a non-dimensional kinetic energy correction 
factor which relates the actual kinetic energy rate 
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to the pseudo-rate based on the bulk-average velocity 
and density. 

6. Both gas flows behave as perfect gases. 

7. Flow potential energy of position changes are 
negligible . 

8. Pressure changes P to P ^ and P, to P are small 
relative to the static pressure so that the gas 
density is essentially dependent upon temperature 
(and atmospheric pressure) . 

9. Wall friction in the mixing stack is accounted for 

with the conventional pipe friction factor term based 

on the bulk-average flow velocity and the mixing 

stack wall area A . 

w 

The following parameters, defined here for clarity, will 
be used in the following development. 

area ratio of primary flow area to mixing stack 
cross sectional area 

area ratio of wall friction area to mixing 
stack cross sectional area 

momentum correction factor for primary flow 
momentum correction factor for mixed flow, 
wall friction factor 

Based on the continuity equation, the conservation of 
mass principle for steady flow yields 
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p s t 



where 
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w 


p U A 
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m ra m 



(la) 



All of the above velocity and density terras, with the 
exception of and U^, are defined without ambiguity by 
the virtue of idealizations (3) and (4) above. Combining 
equations (1) and (la) above, the bulk average velocity at 
the exit plane of the mixing stack becomes 



U 



m 



w + + w 

s t p 

P A 
m m 



(lb) 



where A^ is fixed by the geometric configuration and 



m 



RT 



( 2 ) 



m 



where is calculated as the bulk average temperature from 
the energy equation (9) below. The momentum equation stems 
from Newton's second and third laws of motion and is the 
conventional force and momentum-rate balance in fluid 
mechanics . 
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(3) 



+ P„A„ + F. 

2 2 f r 



Note the introduction of idealizations (3) and (5) . To 
account for a possible non-uniform velocity profile across 
the primary nozzle exit, the momentum correction factor 
is introduced here. It is defined in a manner similar to 
that of and by idealization (4) , supported by work con- 
ducted by Moss, it is set equal to unity. is carried 

through this analysis only to illustrate its effect on the 
final result. The momentum correction factor for the mixing 
stack exit is defined by the relation 
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where is evaluated as the bulk-average velocity from 
equation (lb) . The wall skin friction force can be 
related to the flow stream velocity by 
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(5) 



using idealization (9) . As a reasonably good approximation 
for turbulent flow, the friction factor may be calculated 
from the Reynolds number 
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f 



- 0.2 



( 6 ) 



= 0.046(Re ) 

m 



Applying the conservation of energy principle to the steady 
flow system in the mixing stack between the entrance and 
exit planes , 
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neglecting potential energy of position changes (idealization 

7) . Note the introduction of the kinetic energy correction 

factor K , which is defined by the relation 
e 
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It may be demonstrated that for the purpose of evaluating 
the mixed mean flow temperature T^, the kinetic energy terms 
may be neglected to yield 
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where T = 4> (h ) only, with idealization (6). 
m m ' 

The energy equation for the isentropic flow of the 
secondary air from the plenum to the entrance of the mixing 
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stack may be shown to reduce to 
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( 10 ) 



similarly, the energy equation for the tertiary air flow 
reduces to 
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The foregoing equations may be combined to yield the 
vacuum produced by the eductor action in either the secondary 
or tertiary air plenums. For the secondary air plenum, the 
vacuum produced is 
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( 11 ) 



where it is understood that A^ and p^ apply to the primary 

flow at the entrance to the mixing stack, A^ and p^ apply to 

the secondary flow at this same section, and A^ and p^ apply 

to the mixed flow at the exit of the mixing stack system. 

P is atmospheric pressure, and is equal to the pressure at 
a 

the exit of the mixing stack. A^ is the area of the inside 
wall of the mixing stack. 
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For the tertiary air plenum, the vacuum produced is 
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where the primary flow now consists of both the primary and 
secondary air flows. 



C. NON-DIMENSIONAL FORM OF THE SIMPLE EDUCTOR EQUATION 

In order to provide the criteria of similarity of flows 
with geometric similarity, the non-dimensional parameters 
which govern the flow must be determined. The means chosen 
for determining these parameters is to normalize equations 
(11) and (11a) with the following dimensionless groupings. 
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a pressure coefficient which compares 

the pumped head P -P for the 

a os 

secondary flow to the driving head 
U ^ 

2 ^— of the primary flow 
^c 



APT* 




a pressure coefficient which compares 

the pumped head P -P for the^tertiary 

3. Ot -Q ^ 

flow to the driving head of the 

primary flow ^c 
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w 

WS* = 

w 

p 


a flow rate ratio, secondary to primary 
mass flow rate 


w 

WT* = t 
p 


a flow rate ratio, tertiary to primary 
mass flow rate 


T 

TS* = ^ 
P 


an absolute temperature ratio, secondary 
to primary 


'^t 

m* = £ 

t T 

P 


an absolute temperature ratio, tertiary 
to primary 


Ps = — 
^ Pp 


a flow density ratio of the secondary 
to primary flows. (Note that since the 

fluids are considered perfect gases, 

p* = _£ = A.) 

Mg T 

s s 


^ ^P 


a flow density ratio of the tertiary flow 
to primary flows. (Note that since the 
fluids are considered perfect gases, 

Q* = P = JL. ) 

M.|_ m m* ^ 

t t 
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A* = ^ 
s A 
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an area ratio of secondary flow area to 
primary flow area 


A. 

^t A 

P 


an area ratio of tertiary flow area to 
primary flow area 



with these non-dimensional groupings, equations (11) and 
(11a) can be rewritten in dimensionless form. Since both 
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equations follow the same format, only the results for the 



secondary air plenum will be presented here. 
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where 
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This may be rewritten as 
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As can be seen from equation (13) , 



(13) 



AP* = F(W*,T*) . 
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The additional dimensionless quantities listed below 
were used to correlate the static pressure distribution down 
the length of the mixing stack. 



a pressure coefficient which compares 
the pumping head for the secondary 

^s U 2 

flow to the driving head of the 

primary flow, where PMS = static 
pressure along the mixing stack length 



ratio of the axial distance from the 
mixing stack entrance to the diameter 
of the mixing stack 

D. EXPERIMENTAL CORRELATION 

It is desirable to make a direct comparison of prototype 
and model performance on a one-to-one basis so that the 
effects of changes in geometric parameters on eductor perform- 
ance may be readily evaluated. The ratio of absolute tem- 
peratures is the only parameter which was not controlled during 
the model testing. Therefore a means of presenting the 
experimental data for a given geometric configuration in a 
form which results in a pseudo-independence of the dimension- 
less groupings AP* and W* upon T* must be developed. From 
equation (13) a satisfactory correlation of AP*, T*, and W* 
for all temperatures and flow rates takes the form 

AP* n 

^ = 4)(W*T*") (14) 
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where the exponent n is determined to be equal to 0.44. The 
details of the determination of 0.44 as the correlating 
exponent for the geometric parameters of the models tested 
is given in reference [1]. To obtain an eductor model's 
pumping characteristic curve, the experimental data is corre- 
lated and analyzed using equation (14), that is, AP*/T* is 

0.44 

plotted as a function of W*T* ' . This correlation is used 

to predict the open to the environment operating point. 

Variations in the eductor model's geometry will change the 

appearance of the pumping characteristic curve and facilitate 

comparison of pumping ability between models. For ease of 

0 44 

discussion, W*T* ' will henceforth be referred to as the 
pumping coefficient. 
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III. EXPERIMENTAL APPARATUS 



Air is supplied to the primary nozzles by means of a 
centrifugal compressor and associated ducting schematically 
illustrated in Figure 1. The mixing stack configuration 
being tested is placed inside an air plenum containing an 
airtight partition so that two separate air flows, secondary 
and tertiary, may be measured. The air plenum facilitates 
the accurate measurement of secondary and tertiary air flows 
by using ASME long radius flow nozzles. 



A. PRIMARY AIR SYSTEM 

The circled numbers found in this section refer to loca- 
tions on Figure 1. The primary air ducting is constructed 
of 16-gage steel with 0.635 cm (0.25 in.) thick steel flanges. 
The ducting sections were assembled using 0.635 cm (0.25 in.) 
bolts with air drying silicone rubber seals between the flanges 
of adjacent sections. Entrance to the inlet ducting is 

from the exterior of the building through a 91.44 cm (3.0 ft) 
square to a 30.48 cm (.1.0 ft) square reducer, each side of 
which has the curvature of a quarter ellipse. A transition 
section then changes the 30.48 cm (1.0 ft) square section 

to a 35.31 cm (13.90 in) diameter circular section . This 

circular section runs approximately 9.14 m (30 ft) to the 
centrifugal compressor inlet. A standard ASME square edged 
orifice is located 15 diameters downstream of the entrance 
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reducer and 11 diameters upstream of the centrifugal com- 
pressor inlet, thus insuring stability of flow at both the 
orifice and compressor inlet. Piezometer rings are 

located one diameter upstream and one-half diameter downstream 
of the orifice. The duct section also contains a thermocouple 
just downstream of the orifice. 

A manually operated sliding plate variable orifice was 

designed to constrict the flow symmetrically and facilitate 
fine control of the primary air flow. During operation, the 
butterfly valve , located at the compressor's discharge, 

provided adequate regulation of primary air flow, eliminating 
the necessity of using the sliding plate valve. The sliding 
plate valve was positioned in the wide-open position for all 
data runs. 

On the compressor discharge side, immediately downstream 
of the butterfly valve, is a round to square transition 
followed by a 90 degree elbow and a straight section of 

duct. All ducting to this point is considered part of the 
fixed primary air supply system. A transition section 
is fitted to this last square section which reduces the duct 
cross section to a circular section 29.72 cm (11.7 in) in 
diameter. This circular ducting tapers down to a diameter 
of 26.30 cm (11.5 in) to provide the primary air inlet to 
the eductor system being tested. The transition is located 
far enough upstream of the model to insure that the flow 
reaching the model is fully developed. 



36 



Primary flow is measured by means of a standard ASME 
square edged orifice designed to the specifications given in 
the ASME power test code [5]. The 17.53 cm (6.902 in) diameter 
orifice used was constructed out of 304 stainless steel 0.635 
cm (0.25 in) thick. The inside diameter of the duct at the 
orifice is 35.31 cm (13.90 in) which yields a beta (6 = d/D) 
of 0.497. The orifice diameter was chosen to give the best 
performance in regard to pressure drop and pressure loss 
across the orifice over the range of primary air flow rates 
tested [between 0.907 Kg/sec (2.0 Ibm/sec) and 1.814 Kg/sec 
(4.0 Ibm/sec ) ] . 



air to the system is a Spencer Turbo Compressor, catalogue 
number 25100-H, rated at 6000 cfm at 2.5 psi back pressure. 

The compressor is driven by a three phase, 440 volt, 100 
horsepower motor. 

B. SECONDARY AIR PLENUM 

The secondary air plenum, pictured in Figure 24, is 
constructed of 1.905 cm (0.75 in) plywood and measures 
1.22 m by 1.22 m by 1.88 m (4 ft by 4 ft by 6.17 ft). It 
serves as an enclosure that can contain all or only part of 
the eductor model and still allow the exit plane of the mixing 
stack to protrude. The purpose of the secondary air plenum 
is to serve as a boundary through which secondary air for the 
eductor system must flow. Long radius ASME flow nozzles, 
designed in accordance with ASME power test codes [5] and 



The centrifugal compressor 
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constructed of fiberglass, penetrate the secondary air plenum, 
thereby providing the sole means for metering the secondary 
air reaching the eductor. Appendix D of Reference [1] out- 
lines the design and construction of the secondary air flow 
nozzles. By measuring the temperature of the air entering 
and the pressure differential across the ASME flow nozzles, 
the mass flow rate of secondary air can be determined. Flexi- 
bility is provided in measurement of the mass flow rate of 
secondary air by employing flow nozzles with three different 
throat diameters: 20.32 cm (8 in), 10.16 cm (4 in), and 

5.08an. (2 iri). By using a combination of flow nozzles, a wide 
variety of secondary cross sectional areas can be obtained. 

A secondary air flow straightener, shown in Figure 25, 
consisting of a double screen is installed 1.22 m (4 ft) from 
the open end of the secondary air plenum, between the ASME 
long radius nozzles and the primary air flow nozzles. The 
purpose of the straightener is to reduce any swirl effect 
that could result when only a small secondary air flow area 
exists. 

C. TERTIARY AIR PLENUM 

The tertiary air plenum, pictured in Figures 24 and 26, 
is constructed of 1.90 cm (0.75 in) plywood and measures 
1.22 m by 1.22 m by 1.22 m (4 ft by 4 ft by 4 ft) . It serves 
as an enclosure that completely surrounds the mixing stack 
and allows the exit and entrance regions to protrude . An 
airtight rubber diaphragm type seal, schematically illustrated 
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in Figure 6 and pictured in Figures 27 and 28, is located at 
each end of the enclosure. This allows measurement of a 
tertiary air flow independent of the secondary air flow. 
Tertiary air flow is measured with the use of long radius 
ASME flow nozzles designed in accordance with ASME test codes 
[5] and constructed of fiberglass. These nozzles are located 
so that they penetrate the airtight tertiary air plenum, 
thereby providing the sole means for metering the tertiary 
air reaching the inductor. By measuring the temperature of 
the air entering and the pressure differential across the 
ASME flow nozzles, the mass flow rate of tertiary air can 
easily be obtained. Flexibility in measuring the tertiary 
flow is provided by employing different size flow nozzles: 
two of 20.32 cm (8 in) throat diameter, three of 10.16 cm 
(4 in) throat diameter, and two of 5.08 cm (2 in) throat 
diameter. By using various combinations of these flow nozzles, 
a wide variety of tertiary cross section flow areas can be 
obtained. 

The interior of the tertiary air plenum is pictured in 
Figure 29. The stand which holds the mixing stack can be 
seen mounted inside the plenum. This stand. Figures 30 
and 31, provides three axis adjustments to the mixing stack for 
alignment purposes. Figure 27 shows the diaphragm air seal 
at the entrance to the mixing stack, and Figure 28 shows the 
diaphragm air seal at the exit plane of the mixing stack. 

As can be seen, removable ports were located in the exit 
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plane door to allow for adjustments to the mixing stack 
and instrumentation without removing the diaphragms. 

D. INSTRUMENTATION 

Pressure instriamentation for measuring gage pressures is 
located inside the primary air uptakes just prior to the 
primary nozzles, inside the secondary air plenum, inside the 
tertiary air plenum, and at various points on the model. 

A variety of manometers, pictured in Figure 32, were used to 
indicate the pressure differentials. A schematic representa- 
tion of the pressure measuring instrumentation is illustrated 
in Figures 33 and 34. Monitoring of each of the various 
pressures was facilitated by the use of a scanivalve and a 
multiple valve manifold. The scanivalve was used to select 
the pressure tap to be read, while the multiple valve manifold 
allowed selection of the optimum manometer for the pressure 
being recorded. A vent was included in the multiple valve mani- 
fold which provided a means of venting the manometers between 
pressure readings. The valve manifold provided a selection 
of a 15.24 cm (6.0 in) inclined water manometer, a 5.08 cm 
(2.0 in) inclined water manometer, and a 1.27 cm (0.5 in) 
inclined oil manometer (specific gravity 0.827). In addition, 
the following dedicated manometers were used in the system: 
a 43.18 cm (17 in) single column water manometer connected 
to the primary air flow just prior to the primary nozzles, 
a 127 cm (50 in) U-tube water manometer with each leg 
connected to a piezometric ring on either side of the orifice 
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plate in the air inlet duct, and a 2.54 cm (1.0 in) inclined 
water manometer connected to the upstream piezometric ring. 

Primary air temperatures, measured at the orifice outlet 
and just prior to the primary nozzles, are measured with 
copper-constantan thermocouples. The thermocouples are in 
assemblies manufactured by Honeywell under the trade name 
Megapak. Polyvinyl covered 20 gage copper-constantan exten- 
sion wire is used to connect the thermocouples to a Newport 
Digital Pyrometer, model number 267, which provides a digital 
display of the measured temperature in degrees Fahrenheit. 
Secondary/tertiary ambient air temperature is measured with 
a mercury-glass thermometer and recorded in degrees Fahrenheit. 

Velocity profiles at the mixing stack exit plane are 
obtained by using a pitot tube, pictured in Figure 35. 

The tube is affixed to a mounting template which allows 
accurate determination of both azimuthal and diametral posi- 
tion. Alignment pins allow fast, accurate changes in azi- 
muthal angles. The pitot tube is used in conjunction with 
the 15.24 cm (6 in) inclined water manometer for obtaining 
the velocity pressure head. 

E . EDUCTOR SYSTEM 

The multiple nozzle eductor systems studied are designed 
specifically for service onboard gas turbine powered ships. 

The model consisted of a single primary uptake, a single 
cluster of four primary nozzles of constant cross section, as 
pictured in Figure 6, and a single mixing stack. The parameters 
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varied in this research were the primary nozzle areas, the 
length of the mixing stack, modifications to the exit region 
of the mixing stack, the addition of film cooling ports, and 
a shroud added externally to the mixing stack. Based on the 
finding of Ellin, four primary flow nozzles were used, and 
based on Moss' work, a stand off distance of one-half diameter 
of the mixing stack was used. Maintaining Mach number simi- 
larity in the uptakes for all tests facilitated a direct 
comparison of all mixing stack performances. The uptake 
parameters and primary nozzle dimensions used correspond 
approximately to the area ratio used in existing gas turbine 
powered ships . 

F. MODEL GEOMETRIES 

A variety of mixing stacks were tested to evaluate the 
effects that modifications to exit geometry and the addition 
of stack wall ports had on eductor performance. 

1. Straight Mixing Stack 

Straight mixing stacks of length to diameter ratios 
(L/D) of 3.0, 2.5, and 1.75 were tested. These mixing stacks, 
pictured in Figure 9 and shown dimensionally in Figure 8, 
were manufactured from 29.72 cm (11.70 in) inside diameter 
plastic pipe with a nominal wall thickness of 0.64 cm (0.25 in) . 
Additional material was glued to the entrance region to create 
a 1.25 cm (0.50 in) radius. This allowed for smooth flow of 
secondary air into the mixing stack and prevented separation 
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which might have occurred with a square edge. Pressure taps 
were located along the mixing stack as shown in Figure 8. 

2 . Straight Mixing Stack With A Solid Diffusor 

The straight mixing stack with a solid diffusor is 
pictured in Figure 11 and dimensionally illustrated in Figure 
10, The straight portion of the assembly, which has an 
L/D = 1.75, was constructed similarly to the straight mixing 
stack except a flange was affixed onto the end of the straight 
portion so that a solid diffusor of L/D = 0.75 could be 
attached. The solid diffusor was constructed out of 0.15 cm 
(0.06 in) thick aluminum and was fitted with a flange matching 
the one on the mixing stack. The solid diffusor was constructed 
with ai double included angle of seven degrees. This angle 
was chosen to prevent flow separation in the diffusor section. 
When the solid diffusor was attached to the mixing stack, 
the joint was filled with body putty and faired in to prevent 
any misalignment from causing flow separation. Pressure taps 
were located along the mixing stack as shown in Figure 10. 

3. Straight Mixing Stack With A Two-Ring Diffusor 

The straight mixing stack with a two-ring diffusor 

is pictured in Figure 13 and dimensionally illustrated in 
Figure 12. The straight portion of the assembly is constructed 
identically to a straight mixing stack of L/D = 1.75. The 
diffusor rings were fabricated out of 0.15 cm (0.060 in) 
thick aluminum alloy which was rolled and then welded into the 
rings. The welds were dressed down to present the same flow 
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blockage as the parent diffusor material. The spacers used 
to attach the diffusor rings to the straight mixing stack 
and maintain radial separation were desinged to minimize flow 
disturbance and blockage. The entire assembly had an L/D = 2.5. 
Pressure taps were located along the mixing stack as shown in 
Figure 12. 

4 . Straight Mixing Stack With Three-Ring Diffusor 

The straight mixing stack with three-ring diffusor 

is pictured in Figure 15 and dimensionally illustrated in 
Figure 14. The straight portion of the assembly was constructed 
identically to a straight mixing stack of L/D = 1.75. The 
diffusor rings were fabricated out of 0.15 cm (0.060 in) thick 
aluminum alloy which was rolled and then welded into the rings. 
The welds were dressed down to present the same flow blockage 
as the parent diffusor material. Spacers, used to attach 
the diffusor rings to the straight mixing stack and maintain 
axial spacing, were designed to minimize flow disturbance and 
blockage. Pressure taps were located along the mixing stack 
as shown in Figure 14. 

5 . Straight Mixing Stack With Ports 

The straight mixing stack with an L/D = 2.5 was fitted 
with rectangular inserts which contained ports pictured in 
Figure 17 and dimensionally illustrated in Figure 16. This 
construction allows for change of port geometry witnout having 
to fabricate a new mixing stack. The ports used in these 
experiments were rectangular in shape and measured approximately 
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9.6 cm by 0.6 cm (3.8 in by 0.25 in). The inserts were 
placed in four circumferential bands, each band consisting of 
four equally spaced inserts. These bands were labelled A 
through D as illustrated in Figure 16. Each successive band 
of inserts was displaced radially 30 degrees from the previous 
band to allow for inducement of film cooling air completely 
around the circumference of the mixing stack. The rectangular 
port geometry was chosen to minimize the vena contracta effects. 
The angle of entrance into the mixing stack of 45 degrees 
was based on geometric flow disturbance considerations. 

Except for the ports , the inside of the mixing stack was 
maintained smooth. Pressure taps were located along the mixing 
stack as shown in Figures 16 and 17. 

6 . Straight Mixing Stack With Ports And A Two-Ring Diffusor 
The straight mixing stack with ports and a two-ring 

diffusor is pictured in Figure 19 and dimensionally illus- 
trated in Figure 18. This assembly consisted of the straight 
ported section (L/D = 1.75) tested previously and the two- 
ring diffusor tested on the straight stack. The assembly 
has an overall L/D = 2.5. Pressure taps were located along 
the mixing stack as shown in Figure 18. 

7 . Straight Mixing Stack With Ports, A Shroud Covering 
The Ports, And Two-Ring Diffusor (Shrouded, Ported 
Mixing Stack) 

The straight mixing stack with ports , a two-ring 
diffusor, and shroud is pictured in Figure 21 and dimensionally 
illustrated in Figure 20. This assembly was the same as the 
straight mixing stack with ports and two-ring diffusor except 
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tJiat a shroud was placed around the portion of the mixing 
stack that was ported. This forced the air drawn in by the 
ports to flow between the shroud and the outside surface of 
the mixing stack. Spacers, designed to minimize flow block- 
age, held the shroud a uniform distance from the mixing stack. 
Pressure taps were located along the mixing stack as shown 
in Figure 20. 

G. ALIGNMENT 

The alignment of the mixing stack with the primary air 
flow nozzles was accomplished using cross-hairs, a level, and 
a 30.48 cm (12 in) rule graduated in 0.25 mm (0.01 in). The 
cross-hairs were placed across the exit and entrance planes 
of the mixing stack, locating the geometric centerline axis 
of the mixing stack. By using these cross-hairs and the 
level, the geometric centerline of the mixing stack was 
aligned with a machining mark that represented the geometric 
center of the four primary nozzles. The graduated scale was 
used to establish the desired stand-off distance (S/D) and 
insure that the exit plane of the primary nozzles and the 
entrance plane of the mixing stack were parallel. The three 
axis mixing stack mounting stand, illustrated in Figure 30 
and pictured in Figure 31, allowed alignment adjustments to 
be performed easily and accurately. 
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IV. EXPERIMENTAL METHOD 



Evaluation of the eductor model requires the experimental 
determination of pressure differentials across the ASME long 
radius flow nozzles, temperatures of primary and induced air 
flows, internal mixing stack pressures, and mixing stack exit 
velocities. These experimentally determined quantities are 
then correlated and analyzed to obtain pumping coefficients, 
induced air flow rates, pressure distributions within the 
mixing stack, mixing stack exit velocity profiles, and momentum 
correction factors. The qualities of the eductor model are 
then evaluated to determine the model's relative effectiveness. 

The following discussion addresses the individual quali- 
ties of the eductor model and how they were determined. 

A. PUMPING COEFFICIENTS 

The secondary pumping coefficient and the tertiary 
pumping coefficient provide the basis for analysis of the 
eductor model's pumping performance. Thus, changes in educ- 
tor model parameters which affect pumping can be noted by a 
change in pumping coefficient. The pumping coef f icient (s) 
is desired at the operating point which is simulated by com- 
pletely opening the air plenum (s) to the environment. This 
can not be conveniently measured. Therefore, the eductor's 
characteristics are determined, plotted, and then extrapolated 
to the operating point. 
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The pumping characteristics of the eductor model are 

established by varying the associated induced air flow rate, 

either secondary or tertiary, from zero to its maximum 

measurable rate. This rate is determined by sequentially 

opening the ASME flow nozzles mounted in the appropriate 

plenum and recording the pressure drop across the nozzles. 

Values for nozzle cross sectional area, pressure drop, and 

induced air temperature are then used to calculate the 

0 44 

dimensionless parameters AP*/T* and W*T* ‘ or APT*/TT* 

0 44 

and WT*TT* ' as described earlier in the Theory and 
Analysis section. The dimensionless parameters are then 
plotted as illustrated in Figure 36. Extrapolation of the 
pumping characteristics curve to intersect with the zero 
pressure/temperature coefficient abscissa locates the appro- 
priate operating point coefficient of the model. 

B. FILM COOLING PUMPING COEFFICIENT 

0.44 

The film cooling pumping coefficient WF*TF* * could not 
be obtained in a manner similar to the secondary and tertiary 
pumping coefficients because the testing facility did not 
allow space for a dedicated film cooling air plenum. (The 
straight ported stack geometry is the only exception, where 
the film cooling pumping coefficient was calculated using the 
tertiary air plenum as a dedicated film cooling air plenum. ) 
Therefore, the film cooling was combined with either the 
secondary or tertiary air flows as required by the eductor 
model geometry. The film cooling pumping coefficient was 
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then calculated as the difference in the secondary and 
tertiary pumping coefficients with and without the addition 
of film cooling. 

C. INDUCED AIR FLOWS 

Three induced air flows are identified in this study: 
secondary, tertiary, and film cooling. 

The secondary air flow indicates the amount of induced 
air passing through the secondary air plenum. 

The tertiary air flow indicates the amount of induced 
air passing through the tertiary air plenum. The dimension- 
less quantity WT* is the ratio of the tertiary air flow rate 
to the primary air flow rate. 

The film cooling air flow is that flow which is induced 
through the mixing stack ports or shroud. It is introduced 
as a coolant to reduce heat transfer in two areas : between 

the hot exhaust gases within the mixing stack and the interior 
wall of the mixing stack; and when a shroud is being used, 
between the exterior mixing stack wall and the interior 
wall of the shroud. The dimensionless quantity WF* is the 
ratio of the film cooling air flow rate to the primary air 
flow rate. Due to test facility limitations, film cooling 
air flow was included in either secondary or tertiary air 
flows depending on model geometry. 

D. PRESSURE DISTRIBUTIONS 

The mixing stack axial static pressure was obtained using 
a series of pressure taps fixed to the mixing stack. These 
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taps were generally placed in two axial rows, the rows being 
45 degrees apart radially. Along each row the taps were 
spaced in increments of quarter diameters. The exact location 
of the pressure taps is indicated on the figure of each mixing 
stack geometry tested. The mixing stack was aligned such 
that one row of pressure taps was axially in line with one of 
the four primary nozzles. The row position relative to the 
primary nozzles was labelled as illustrated in Figure 37. 

The stack pressure (PMS) is plotted versus X/D to obtain a 
mixing stack pressure distribution for each geometry tested. 

E. VELOCITY PROFILES AND MOMENTUM CORRECTION FACTOR 

The momentum correction factor K is a measure of the 

m 

completeness of mixing and provides the basis for evaluating 
this aspect of eductor performance. The momentum correction 
factor is evaluated at the exit of the mixing stack by means 
of two velocity traverses and the definition given in equation 
(4) . Velocity profiles at the mixing stack exit were calculated 
from the pressures measured using the pitot tube pictured in 
Figure 35. Since it was impractical to obtain a complete 
three-dimensional plot of velocities at the exit plane of 
the mixing stack, advantage was taken of the symmetry of the 
velocity surface resulting from the arrangement of the primary 
nozzles. Only two traverses were made. The first traverse 
passes directly over the primary nozzles and records the peak 
velocities, while the second traverse passes betv/een the 
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nozzles, thus measuring the minimum velocities at the 
mixing stack exit. Figure 36 illustrates the orientation 
and identification of the two velocity traverses. An average 
velocity at the mixing stack is obtained by integrating the 
velocity distribution over the mixing stack area to obtain 
an integrated volumetric flow rate which, when divided by 
the mixing stack cross sectional area, yields the average 
velocity. 
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V. DISCUSSION OF EXPERIMENTAL RESULTS 



Exhaust eductor systems designed for marine gas turbine 
applications must substantially cool exhaust gases, present 
an exterior stack surface temperature which will not give 
an easily detectable infrared signature, and effectively 
disburse exhaust gases. In order to evaluate the overall 
eductor model performance in this study, four areas of per- 
formance were identified: the amount of secondary air flow 

induced by the primary air flow, referred to here as pumping; 
the degree of mixing of primary and induced air flows within 
the mixing stack system, referred to here as mixing; the 
amount of uptake back pressure impressed upon the turbine 
exhaust by the eductor system; and the amount of film cooling 
air available to reduce the exterior stack temperature of 
the eductor system. 

The eductor models in this study were designed to reduce 
the high back pressure 22.1 cm H 2 O (8.7 in H 2 O) in the model 
previously tested by Moss [2] and to introduce various mixing 
stack geometries to minimize the exterior stack temperatures 
and still provide good secondary air flows and mixing. 

A. QUANTITATIVE MEASUREMENTS 

Quantitative measurement of the four areas of performance 
was required to evaluate the different eductor models. A 
summary of all eductor system models tested in this study is 
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given in Tables I and II. Data on individual models is 
located in the tables referenced in the description of each 
model. The pumping, mixing, back pressure, and film cooling 
qualities of the eductor model were evaluated in the following 
manner . 

1 . Pumping 

The values of the secondary and tertiary pumping 
coefficients were used, as required by the model geometry 
being tested, to evaluate the pumping abilities of the models. 
Values for the pumping coefficients were obtained from plots 
of experimental data using the correlations 



AP* 



(j, (W*T*®*'^'^) 



for the secondary pumping coefficient, and 



= (j) (WT*TT*°‘ 

TT* 

for the tertiary pumping coefficient. Tabulated values of 
the pumping coefficients for the eductor model configurations 
tested are included in Table II. 

2 . Mixing 

Design changes to the mixing stack exit geometries 

made quantification of the model mixing quality more complex 

than it had been in the studies of Ellin and Moss. For ease 

of cross referencing with the previous studies, the momentum 

correction factor K was calculated and tabulated in Table II 

m 



53 



for all model geometries tested which were of the straight 
mixing stack design. In those cases, the closer the momentum 
correction factor is to unity, the more complete the mixing 
of the primary and induced air flows. 

With the introduction of other than straight mixing 
stack exit geometries, a quantitative evaluation of mixing 
was made by comparison of the ratio of the peak exit velocity 
to the average primary nozzle velocity. This non-dimensional 
quantity, which is tabulated in Tables XIV to XIX, was evalu- 
ated for each velocity traverse oriented in the A and B 
direction, as shown in Figure 36. The lower the maximum 
values of this ratio are, the more complete the mixing. 

Figure 42 contains plots of all the velocity profiles 
made on the models of this study. For reference purposes, 
this figure also contains the numbers of the tables from 
which the data was obtained. 

3 . Uptake Back Pressure 

The static uptake back pressure PU-PA was a value 
directly recorded from experimental data. To optimize turbine 
efficiency, this value should be kept as low as practical and 
still maintain an effective exhaust eductor system. Tabulated 
values of static uptake back pressure are in Table II. 

4 . Film Cooling 

The value of the film cooling pumping coefficient 
0.44 

WF*TF* * is determined as described in the experimental 
method section. The values of the film cooling pumping 
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coefficient are proportional to the film cooling air flow rate 
and indicate how well the eductor system is inducing film 
cooling air. 

B. SYSTEM EVALUATION 

Initial model testing was conducted using an eductor 
model with a straight mixing stack length L/D of 3.0 and a 
stand off distance S/D of 0.5. The results of these tests 
are shown in Tables IV and XIV and Figures 40(a) through 
38(c), 41(a) through 41(c) and 42(a). These results compared 
favorably with the experimental results Moss obtained using 
a similar geometry; see Figure 40(c). 

An L/D ratio of 2.5 was selected for use as the standard 
length in this study because it is representative of the 
length found on a marine gas turbine installation. 

The results of testing the L/D ratio of 2.5 are shown in 
Tables IV and XIV, and Figures 40(d), 41(d), and 42(b). The 
relatively high uptake back pressure of 22.1 cm H 2 O (8.7 in 
H 2 O) was considered unsatisfactory in terms of decreased 
turbine efficiency. Thus, a change in primary nozzle diameter 
was made. An increase in primary nozzle diameter from 8.59 cm 
(3.38 in) to 9.40 cm (3.70 in) reduced the mixing stack area 
to primary nozzle area ratio A /A from 3.0 to 2.5. The 
results of utilizing the larger primary flow nozzles with a 
straight mixing stack with an L/D ratio of 2.5 are shown in 
Tables V and XV, Figures 40(e), 40(f), 41(e), and 42(c). The 
uptake back pressure was reduced significantly to 14.7 cm H 2 O 
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(5.8 in H 2 O) as desired. However, the secondary pumping 
coefficient was reduced from 0.80 to 0.60, and the momentum 
correction factor increased from 1.027 to 1.038. The unde- 
sirable effects of reduced pumping and reduced mixing when 
changing to an A^/A^ ratio of 2.5 required investigation of 
mixing stack exit geometries which would increase eductor 
pumping and mixing characteristics without causing excessive 
increases in uptake back pressure. 

The first mixing stack exit geometry modification attempted 
was that of a solid diffusor with a seven degree double 
included angle, dimensionally illustrated in Figure 10 and 
pictured in Figure 11. The diffusor was selected because the 
increase in mixing stack area at the diffusor decreases the 
mixing stack pressure relative to the same L/D position on the 
straight mixing stack. This pressure reduction was reflected 
upstream at the mixing stack entrance and at the primary flow 
nozzles where a lower back pressure and an increased secondary 
pumping coefficient was noted. 

At this point in the study due to mixing stack exit 
geometry changes, the use of the momentum factor is no longer 
a valid measure of mixing. In its place the peak exit velocity 
to the average primary nozzle velocity, referred to here as 
the velocity ratio, was utilized exclusively for determination 
of mixing quality. ' The results of testing the solid diffusor 
are shown in Tables VI and XVI, and Figures 40(h) through 
40 (m) , 41(g) through 41 (Jl) and 42(e) through 42 (k). Relative 
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to the straight mixing stack, the mixing stack with solid 
diffusor had a slightly decreased uptake back pressure [from 
14.7 cm H 2 O (5.8 in H 2 O) to 14.5 cm H 2 O (5.7 in H20)l, a 
velocity ratio which showed no effective change, and a signi- 
ficant increase in the secondary pumping coefficient from 
0.58 to 0.70. 

At this point in the study a major design development was 
implemented with the purpose of cooling the exterior surface 
of the stack to reduce the infrared signature. The first 
design was that of a split ring diffusor, schematically 
represented in Figure 4. The split ring design was selected 
because the ambient air induced through the rings by the flow 
of hot exhaust gases, referred to here as tertiary air flow, 
surrounds the diffusor ring and acts as a thermal coolant. 

This reduces the heat transferred from the hot exit gases to 
the interior walls of the diffusor ring, thus reducing the 
exterior temperature of the upper portion of the stack. Since 
only the principle of the ring diffusor was to be investi- 
gated, and it was not the intent of this study to develop 
an optimal design, only two split ring diffusor configurations 
were modeled and tested. 

The two-ring diffusor, pictured in Figure 13 and dimen- 
sionally illustrated in Figure 12, was modeled first. The 
results of these tests are shown in Tables VII and XVI, and 
Figures 40 (n) , 41 (m), and 42 (i). Relative to the mixing stack 
with a solid diffusor, the mixing stack with the two-ring 
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duffusor had an increase in uptake back pressure from 14.5 
cm H 2 O (5.7 in H 2 O) to 15.4 cm H 2 O (6.05 in H 2 O) , a velocity 
ratio decrease from 0.86 to 0.80 in the A direction and from 
0.71 to 0.69 in the B direction, a decrease in secondary 
pumping coefficient from 0.70 to 0.62 (still better than the 
0.58 recorded for the straight stack with an L/D of 2.5), 
and a tertiary pumping coefficient of 0.115. 

The three-ring diffusor was then modeled. It is pictured 
in Figure 15 and dimensionally illustrated in Figure 14. 

The results of these tests are tabulated in Tables VIII and 
XVI, and Figures 40 (o) , 41 (n) , and 42 (j). Overall eductor 
performance was less than that found in the two-ring diffusor 
design with back pressure very nearly the same at 15.2 cm H 2 O 
(6.0 in H 2 O) , a velocity ratio increase from 0.80 to 0.84 
in the A direction and from 0.69 to 0.71 in the B direction, 
no change in the secondary pumping coefficient of 0.62, and 
a decrease in the tertiary piimping coefficient from 0.115 
to 0.098. 

The decrease noted in the overall eductor performance when 
comparing results of the three-ring diffusor to that of the 
two-ring diffusor may be misleading. Construction of the 
three-ring diffusor with the material thicknesses selected 
increased the blockage of tertiary air flow significantly. 
Therefore, based on these results, no direct comparison of 
the two designs can be considered final. 

The tertiary air flow induced through the diffusor rings 
appears to offer a method of cooling the upper portion of the 
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stack. However, additional cooling is required on the lower 
portion. To deal with this problem, the use of induced ambient 
air was again investigated. Ambient air induced into the 
straight portion of the mixing stack for the purpose of 
convectively cooling the interior wall of the mixing stack 
heated by the hot exhaust gases is referred to here as film 
cooling air. To determine if the pressure potential necessary 
to induce film cooling air was available, the axial pressure 
distribution in the straight portion of the mixing stack with 
the two-ring diffusor was closely examined. This examination 
included experimentally obtaining the axial pressure distri- 
butions at intervals of 0.125 D along the mixing stack at 
four radial locations around the stack. The pressure distri- 
bution as affected by misalignment of the mixing stack to the 
primary nozzles was also examined by deliberate misalignment 
of the stack as schematically shown in Figure 39. The results 
of these tests are tabulated in Table III and summarized as 
follows . 

The internal mixing stack axial pressure distribution is 
not significantly affected by misalignments of up to 3.42 
degrees. Mixing stack pressure is independent of the radial 
position after a distance of 0.125 D from the mixing stack 
inlet. The pressure differential between the ambient air 
and that within the mixing stack is sufficient to induce 
ambient air into the mixing stack as film cooling. 

To examine the effects of film cooling on the eductor 
system, the straight mixing stack geometry was utilized. 
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This geometry had the advantages of much previous testing, 
relative ease of assembly, and use of the existing air plenum 
within the testing facility to measure film cooling air flow. 

The straight stack with ports pictured in Figure 17 and 
dimensionally illustrated in Figure 16 was manufactured as 
previously described in the Experimental Apparatus Section. 
The configurations of the ported mixing stack are defined as 
follows with tabular results listed in Table IX and XVII. 



Configuration 



A-1 



A-1, B-1 



A-1, B-1, C-2 



A-1, B-1, C-2, 
D-2 



Definition Table No. 

(See Figure 16 for location 
of Positions A, B, C, D) 



One port on each rectangular IXb 

insert located axially at 
position A was open (a total 
of four ports) 

In addition to the A-1 ports IXc 

already opened, one port on 

each rectangular insert 

located axially at position B 

was opened (four additional 

ports, a total of eight ports 

open in this configuration) 

In addition to the A-1 and B-1 IXd 
ports already open, two ports 
on each rectangular insert 
located axially at position C 
were opened (eight additional 
ports opened for a total of 
sixteen in this configuration) 



In addition to the A-1, B-1, IXe 

and C-2 ports already open, 
two ports on each rectangular 
insert located axially at 
position D were opened (eight 
additional ports opened for a 
total of 24 in this configuration) . 
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As compared to the straight mixing stack, the ported 
mixing stack in the A-1, B-1, C-2, D-2 configuration had an 
increased uptake back pressure from 14.7 cm H^O (5.8 in H 2 O) 
to 15.2 cm H 2 O (6.0 in H 2 O) , a velocity ratio reduction from 
0.85 to 0.79 in the A direction, a velocity ratio increase 
from 0.72 to 0.76 in the B direction, and a film cooling 
pumping coefficient of 0.078. The secondary pumping coeffi- 
cient was not measured for this configuration, it was esti- 
mated to be 0.58 from the results of the tests run on the 
ported stack in the fully closed position. 

The ported mixing stack was then shortened to an L/D 
ratio of 1.75 and the two-ring diffusor tested earlier was 
added. The ported mixing stack with two-ring diffusor is 
pictured in Figure 19 and dimensionally illustrated in 
Figure 18. The results of the tests on this model are shown 
in Tables X and XVIII, and Figures 40 (u) through 40 (w) , 41 (t) 
through 41 (v) and 42(£). The addition of the two-ring diffu- 
sor had many of the same effects on the straight ported mixing 
stack as it had on the straight mixing stack. The secondary 
pumping coefficient was 0.57, showing no appreciable change 
from the estimated 0.58 for the ported stack, the tertiary 
pumping coefficient remained the same at 0.11 and the film 
cooling pumping coefficient showed very little change, de- 
creasing from 0.078 in the ported stack model to 0.076 in 
the ported stack with two- ring diffusor. The uptake back 
pressure remained constant at 15.2 cm H 2 O (6.0 in H 2 O) and 
the velocity ratio increased from 0.79 to 0.84 in the A 
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direction and decreased from 0.76 to 0.72 in the B direction. 
These results indicate that this configuration was capable 
of pumping sufficient quantities of tertiary and film cooling 
air and could have a significant effect on the external 
temperature of the mixing stack system. 

Infrared radiation from the mixing stack system could be 
reduced by thermally shielding the system. This concept is 
used by employing a shrouded mixing stack system. This sys- 
tem is schematically represented in Figure 5. Film cooling 
air induced by the mixing stack ports was directed between 
the exterior of the mixing stack and the interior of the 
shroud. Thus the shroud is insulated from the hot exterior 
of the mixing stack by the flow of film cooling air and acts 
as a heat shield for the hot mixing stack. 

Initial testing of the shrouded, ported, mixing stack with 
two-ring diffusor indicated that the entrance area, which was 
restricted due to the entrance transition material of the 
straight mixing stack, was a choke point for the film cooling 
air flow. This condition was remedied by starting the shroud 
1.1 cm (0.5 in) away from the mixing stack entrance. The 
model is pictured in Figure 21 and dimensionally illustrated 
in Figure 20. Results of the first shrouded mixing stack 
tested are shown in Tables XI and XIX, and Figures 40 (x) 
through 40(aa), 41 (w) through 41(z), and 42(m). Results of 
the mixing stack tested with the shortened shroud are shown 
in Tables XII and XIX, and Figures 40 (bb) through 40 (ee) , 
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41(aa), and 42 (n) . The film cooling air coefficient was 
favorably affected with the shortening of the shroud, and in 
both models tested the film cooling air coefficient was 
greater than it had been for the mixing stack system without 
the shroud (this may be only due to experimental data scatter, 
however the purpose of the model test was to insure that film 
cooling air flow would remain adequate when the shroud was 
added) . 

To further enhance the air flow through the shroud, the 
shroud was modified to extend open ended along the mixing stack 
and merge with the first ring of the two-ring diffusor. The 
system configuration is referred to as the flow-through shroud 
with diffusor ring mixing stack. It is pictured in Figure 22. 
The results of testing this configuration are shown in Tables 
XIII and XIX, and Figures 40 (ff) through 40 (ii), 41 (bb), and 
42 (o) . The results indicate that the film cooling air pumping 
coefficient increased almost as much as the tertiary air 
pumping coefficient decreased when compared to the results 
obtained from the ported stack with the two-ring diffusor and 
shroud. No direct measurement of the quantity of film cooling 
air entering the mixing stack was attempted, however, the 
pressure distribution along the mixing stack is very similar 
to that recorded for the ported stack with the two-ring 
diffusor. Figure 41(a), so that film cooling air flow can be 
assumed to be similar. 
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VI. CONCLUSIONS 



This investigation studied the effects on the eductor 
system's overall performance of varying the geometric configura- 
tion of the mixing stack and changing the area of the primary 
flow nozzles. A detailed description of the various eductor 
systems modeled and tested is given in the experimental 
apparatus section. Trends and interdependency between geo- 
metries tested were discussed in detail in the experimental 
results section. Only a summary of the conclusions resulting 
from this investigation are given here. 

A. Changing the ratio of the area of the mixing stack to the 
area of the primary flow nozzles from 3.0 to 2.5 decreased 
the uptake back pressure and reduced the secondary pumping 
coefficient. 

B. An improvement in secondary pumping and a decrease in 
uptake back pressure was obtained when a solid diffusor 
was placed on the exhaust end of the mixing stack. 

C. The combination of two-ring diffusor (geometry) induced 
more tertiary flow than the three-ring diffusor (geometry) . 

D. The ported mixing stack provided significant air flow 
through the ports which could provide film cooling on 
the inside of the mixing stack. 

E. The ported mixing stack and two-ring diffusor provided 
increased system performance without affecting the back 
pressure in the uptakes. 
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F. The shroud placed around the mixing stack did not degrade 
pumping or mixing characteristics of the eductor 
system, yet it directs the film cooling air flow between 
the shroud and the outside surface of the mixing stack 
and provides thermal shielding of the mixing stack. 

G. The combination of the ported mixing stack with flow- 
through shroud and diffusor provided the optimum results 
of the geometries tested. This configuration had the 
features of providing film cooling where it could be 
most effective, good secondary air flow and good mixing. 
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VII. RECOMMENDATIONS 



In addition to providing insight into the effects that 
geometric parameters have on eductor system parameters, this 
research has also generated an awareness of the investiga- 
tion's shortcomings. Presented here are recommendations for 
future research and suggestions for different eductor system 
design. 

A. Test the following eductor systems in a model testing 
facility using a hot gas for the primary air flow; a 
mixing stack with two-ring diffusor, a straight ported 
mixing stack, and a ported mixing stack with a shroud 
and two-ring diffusor. Evaluate the system performances 
by placing thermocouples on the system and correlating 
these results with the cold flow data contained herein. 

B. With temperature and pressure distribution data obtained 
from tests conducted using hot gas as the primary air 
flow, investigate the optimum placement of cooling ports 
to achieve a minimum mixing stack surface temperature. 
Starting the first set of film cooling ports and shroud 
a significant distance down the mixing stack may prove 
beneficial. 

C. Using the cold flow testing facility, investigate the 
optimum split ring diffusor included angle (ip) as 
shown in Figure 4. 
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FIGURE 1. EDUCTOR MODEL TESTING FACILITY 
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FIGURE 3. EDUCTOR MODEL TESTING FACILITY, SECONDARY AND TERTIARY 
AIR PLENUMS 
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FIGURE 4. SCHEMATIC OF MIXING STACK WITH DIFFUSOR RINGS 
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FIGURE 5. SCHEMATIC OF SHROUDED MIXING STACK WITH FILM COOLING PORTS 




FIGURE 6. PRIMARY FLOW NOZZLES USED IN THIS STUDY 
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FIGURE 7. LAYOUT OF PRIMARY FLOW NOZZLES 
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FIGURE 8. DIMENSIONAL ILLUSTRATION OF STRAIGHT MIXING STACK 
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FIGURE 9. STRAIGHT MIXING STACK 
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FIGURE 10. DIMENSIONAL ILLUSTRATION OF MIXING STACK WITH SEVEN DEGREE 
DOUBLE INCLUDED ANGLE SOLID DIFFUSOR 
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FIGURE 11. MIXING STACK WITH SEVEN DEGREE DOUBLE INCLUDED ANGLE 
SOLID DIFFUSOR 
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FIGURE 12. DIMENSIONAL ILLUSTRATION OF MIXING STACK WITH TWO-RING 
DIFFUSOR 
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FIGURE 13. MIXING STACK WITH TWO-RING DIFFUSOR 
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FIGURE 14. DIMENSIONAL ILLUSTRATION OF MIXING STACK WITH THREE-RING 
DIFFUSOR 
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FIGURE 15. MIXING STACK WITH THREE-RING DIFFUSOR 
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FIGURE 16. DIMENSIONAL ILLUSTRATION OF STRAIGHT MIXING STACK WITH PORTS 
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FIGURE 16 (CONTINUED) DETAIL A AND DETAIL 
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FIGURE 17. STRAIGHT MIXING STACK WITH PORTS 







FIGURE 17 (CONTINUED) REMOVABLE PORTED INSERT 
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FIGURE 18. DIMENSIONAL ILLUSTRATION OF PORTED MIXING STACK AND A TWO-RING DIFFUSOR 
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FIGURE 18. (CONTINUED) DETAIL A AND DETAIL 







FIGURE 19. PORTED MIXING STACK AND A TWO-RING DIFFUSOR 
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figure 19. 



(CONTINUED) DETAILED VIEW OF PORTED INSERT 
AND PRESSURE TAP ARRANGEMENT 
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FIGURE 20. DIMENSIONAL ILLUSTRATION OF A PORTED MIXING STACK WITH TWO-RING DIFFUSOR 
AND SHROUD 
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FIGURE 21. PORTED MIXING STACK WITH TWO-RING DIFFUSOR AND SHROUD 
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FIGURE 21. (CONTINUED) DETAILED PHOTO OF SHROUD TERMINATION AND DIFFUSOR 
RING INSTALLATION 
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FIGURE 22. PORTED MIXING STACK WITH DIFFUSOR RING AND FLOW-THROUGH SHROUD 
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FIGURE 23. SIMPLE SINGLE NOZZLE EDUCTOR SYSTEM 
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FIGURE 24. SECONDARY AND TERTIARY AIR PLENUMS 








FIGURE 25. INTERIOR OF SECONDARY AIR PLENUM SHOWING FLOW 
STRAIGHTENER AND ASME LONG RADIUS FLOW NOZZLES 
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FIGURE 26. TERTIARY AIR PLENUM 



FIGURE 27. MIXING STACK ENTRANCE WITH AIR SEAL IN PLACE 
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FIGURE 28. MIXING STACK EXIT WITH AIR SEAL IN PLACE 
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FIGURE 29. INTERIOR OF TERTIARY PLENUM 
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FIGURE 30. SKETCH OF MIXING STACK SUPPORT STAND 







FIGURE 31. PHOTOGRAPH OF MIXING STACK SUPPORT STAND 
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Mixing Stack 
Secondary Air Plenum 
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FIGURE 32. SCHEMATIC OF INSTRUMENTATION 
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FIGURE 33. INSTRUMENTATION 
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FLOW measurement 






31 



i 



I 




105 



FIGURE 35. VELOCITY PROFILE APPARATUS 
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36. ORIENTATION OF MIXING STACK EXIT VELOCITY 
TRAVERSES 
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FIGURE 37, ILLUSTRATIVE PLOT OF THE EXPERIMENTAL DATA 
CORRELATION IN EQUATION (14) 
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FIGURE 38. ORIENTATION OF STATIC PRESSURE TAPS RELATIVE 
TO PRIMARY FLOW NOZZLES 
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FIGURE 39. SCHEMATIC ILLUSTRATION OF MIXING STACK MISALIGNMENT 
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FIGURE 40. PERFORMANCE PLOTS 
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FIGURE 40 (CONTINUED) 



Data taken by Lemke & Staehli 
Data taken by Moss 
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(c) COMPARISON OF DATA OBTAINED BY MOSS [2] WITH STRAIGHT MIXING STACK, 
L/D = 3.0 (DATA TAKEN FROM TABLE IVc) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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(m) MIXING STACK WITH 7 DEGREE SOLID DIFFUSOR (DATA TAKEN FROM TABLE Vlf 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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(u) PORTED MIXING STACK WITH TWO RING DIFFUSOR (DATA TAKEN FROM TABLE Xa 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FROM TABLE Xlb) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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FIGURE 40 (CONTINUED) 
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(ii) PORTED MIXING STACK WITH RING DIFFUSOR AND FLOW-THROUGH SHROUD 
(DATA TAKEN FROM TABLE XI I Id) 
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FIGURE 41. MIXING STACK PRESSURE DISTRIBUTION PLOTS 
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FIGURE 41 (CONTINUED) 
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FIGURE 41 (CONTINUED) 
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FIGURE 41 (CONTINUED) 
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FIGURE 41 (CONTINUED) 
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(Ji) MIXING STACK WITH 7 DEGREE SOLID DIFFUSOR (DATA TAKEN FROM TABLE 
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(m) MIXING STACK WITH TWO DIFFUSOR RINGS (DATA TAKEN FROM TABLE VII) 
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FIGURE 41 (CONTINUED) 
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(r) PORTED MIXING STACK A-1, B-1, C-2 (DATA TAKEN FROM TABLE IXd) 
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(a) STRAIGHT MIXING STACK, L/D = 3.0 (DATA TAKEN FROM TABLE XlVa) 
FIGURE 42. EXIT VELOCITY PLOTS, TRAVERSE POSITIONS A AND B 
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(b) STRAIGHT MIXING STACK, L/D = 2,5 (DATA TAKEN FROM TABLE XlVb) 
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(c) STRAIGHT MIXING STACK, L/D = 2.5 (DATA TAKEN FROM 
TABLE XVa) 
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(d) STRAIGHT MIXING STACK, L/D = 1.75 (DATA TAKEN FROM 
TABLE XVb) 
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(f) STRAIGHT MIXING STACK WITH 7 DEGREE SOLID DIFFUSOR 
(DATA TAKEN FROM TABLE XVIb) 
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(g) STRAIGHT MIXING STACK WITH 7 DEGREE SOLID DIFFUSOR 
(DATA TAKEN FROM TABLE XVIc) 
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(j) MIXING STACK WITH THREE RING DIFFUSOR (DATA TAKEN FROM 
TABLE XVI f) 
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(k) PORTED MIXING STACK (DATA TAKEN FROM TABLE XVII) 
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(n) PORTED MIXING STACK WITH TWO RING DIFFUSOR AND SHROUD 
(DATA TAKEN FROM TABLE XlXb) 
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(o) 



PORTED MIXING STACK WITH RING DIFFUSOR AND FLOW-THROUGH 
SHROUD (DATA TAKEN FROM TABLE XIXc) 
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TABLE II. SUMMARY OF EDUCTOR SYSTEM PERFORMANCE CRITERIA FOR EDUCTOR 
SYSTEMS TESTED 



Radial 

~^„.^^Position 

L/D 


@ 








a 


1.15 


1.18 


1.20 


1.20 


0.500 b 


1.18 


1.21 


1.19 


1.20 


c 


1.28 


1.29 


1.23 


1.21 


a 


1.10 


1.15 


- 


- 


0.625 b 


1.13 


1.18 


- 


- 


c 


1.26 


1.23 


- 


- 


a 


1.06 


1.06 


1.03 


1.06 


0.750 b 


1.08 


1.09 


0.99 


1.08 


c 


1.15 


1.18 


1.03 


1.09 


a 


1.00 


0.99 


- 


- 


0.875 b 


0.99 


1.01 


- 


- 


c 


1.10 


1.12 


- 


- 


a 


0.93 


0.89 


0.92 


0.88 


1.00 b 


0.93 


0.94 


0.89 


0.86 


c 


1.01 


1.01 


0.94 


0.91 



Run a: data taken with mixing stack in true alignment. 

Run b: data taken with mixing stack 0.97 degrees out 
of alignment. 

Run c: data taken with mixing stack 3.42 degrees out 

of alignment. 

All data recorded in H 2 O. 

TABLE III. MIXING STACK PRESSURE READINGS AS EFFECTED 
BY ALIGHMENT 
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NUFEER CF PRIMARY NCZZLESi A IPTAKE ClAMETER: 11*50 INCHES 

PPIFAFV ACZZLE ClAFETERl 3.36 INCHES ARE/RAIlOi AN/APi 3*00 

P1>1HG 51^CK LEKCTF; 35.10 INCHES CRlFICE DIAMETER: 6.S02 IHCHES 

FI>1KC MACK OIAFEIER: 11.70 INCHES CRlFICE BET/: 0.^97 

MYING STACK L/Ci 3.00 AMBIENT PRESSURE: 20.12 INCHES HG 
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TABLE IV. PERFORMANCE DATA FOR STRAIGHT MIXING STACKS WITH PRIMARY NOZZLE DIAMETER 



NO^eER CF FRIMAF\ NCEZLESt A UPTAKE CIAKETEFS 11.50 INCHES 

FRIPARY NOmE ClAPETEFi 3.38 INCHES AREA RATlCi AP/AFI 3.00 

HIXINE STACK LENGTH: 35.10 INCHES ORIFICE OIAHElEFl 6.902 INCHES 

MIMNG STACK DIAPETER: 11.70 INCHES ORIFICE SETA: 0.A9T 

NIXING stack L/C: 3.00 AMEIENT PRESSURE: 29.87 INCHES HG 



o 

o 

o 



-o '<* '<t 

O o o 



w rsj UY 






IN in u u o 

—I rsi in cj m 



CNJ 

c 



0 > 1*1 US 



U o O rsl 



»N (N m rij 



rN »x 



Ml 

i-t I-H 



oi u >o y* o o 



O o o u 



O 

ro 

II 

P 

\ 

P 

3 



























Ul 


N" 


o 


(N 


r» 


CD 


rn 


fN 


O' 


IN 










































Ul 


W 




N 


Ml 


IN 


IN 


O 


u> 


'W 






















o 


lA 


O 


in 


o 




o 


in 


o 




to 


r~ 


r~ 


r~ 


r~ 


r* 


r- 


r- 


r- 


r~ 


















(X 




c^ 


<X> 


in 


rn 


••a 




Ul 


in 




O. 


"N 
























o 


<4J 






o 


in 


1 




• 


• 


• 


• 


• 


• 


• 


• 


• 


2 


a. 


m 


ni 


ni 


rn 


I'l 


rn 


rn 


m 


I'l 






<3 


o 






in 


O 


Z> 




*4- 


in 


•o 


r»- 


CO 


CO 


CO 


CD 


CD 




CO 






















O 


O 


o 


CD 


o 


o 


o 


Cl. 












































< 


in 


• 


• 




in 




• 


















































o 


o 






O 


o 














































z 


IN 






z 


IN 


















































Ul 








o 






























N* 






IN 


in 


HJ 


o 


IN 


l/» 


•o 


• 






















i_J 






Ul 


o 


o 


Ul 


O 


W 


W 










UJ 


r* 


UJ 


«4- 


>o 


• 


P“ 








p- 








CO 




























Ul 


in 


IN 


tr 


Ul 


r» 


O' 


* 






UA 


•T 


fN 




O 


UA 


a. 




o 


<3 


•o 


HJ 


-o 




o 


'O 


HJ 


* 




O 


IN 


rn 


in 


■o 


r~ 


I"* 


r*- 


• 


NI 




NJ 


n» 


to 




fN 


IN 


< 


1- 


o 


-O 




-O 


>o 


•o 


o 


•o 




* 




• 


• 


• 


• 


• 


• 


• 


• 


* 


Ul 


o 


m 


o 


o 


O 


fN 


O 


1- 






















»— 




o 


o 


UA 


o 


Ul 


o 


rj 


UA 


• 


Q. 


UA 


• 


• 


Q. 


o 




• 




ut 




















* 




















* 




• 


UA 


o 




• 


O 


Ul 
























.s 




















* 




IN 








fN 








z 










































O' 








o* 










UJ 




























































□c 


























IN 


CO 


o 


r~ 


o 


CD 


in 


o 


















t~ 


X. 


o 


O 


o 


O 


o 


o 


o 


o 


o 


• 




O 


<3 


MJ 




rn 


m 


Ul 


Nl 


fN 






o 


CU 






o 


NJ 


o. 


< 


• 


• 




• 


• 




• 


• 


• 


f— 




r- 


'T 


in 


«4' 


<3 


rn 


IN 




o 


• • 




fN 


in 


• • 




CO 


>r 


—7 




HJ 


<47 


o 










<3 


HJ 






«r 


rn 


IN 




O 


o 


O 


o 


o 


Z 


O 


NJ 


UA 


z 


UA 


N" 


o 


1- 




o 


O 


o 


o 


KJ 


o 


w 


UA 


o 


• 




• 


• 


• 


• 


• 


• 


• 


« 


• 


3 


Ul 


• 


• 


3 


in 


• 


• 




to 




















a. 




o 


UA 


o 


o 


o 


o 


o 


o 


o 


(X 


• 


o 


O 


oc 




o 


o 




Ul 












































►N 








fN 








Ui 










































oc 








CL 










cc 










































o 








UA 










o 










































u. 








U. 










UJ 
























rn 


rn 


in 


m 


m 


rn 


•o 


m 


in 






o 


rn 






o 


o 




o 


o 


o 


o 


o 


o 


o 


o 


O 


o 






o* 


o* 


o 


O' 


o* 


O' 


IN 


O' 


O' 


Z 




CO 


fN 


z 




>4’ 


O' 


cc 




• 








• 




• 


• 




* 




IN 


IN 


IN 


IN 


IN 


IN 


fi> 


(N 


IN 


o 


o 




fN 


Ul 


o 


O' 


o 


O 




in 




in 


«T 




n 




M 1 


N" 






w* 


u* 


O* 


O' 


tn 


tn 


i/» 


O' 


i/» 


►N 


o 


• 


• 




o 


• 


• 


r— 




iri 


in 


in 


u> 


Ul 


u> 




Ul 


in 






• 


• 


• 


• 


• 


• 


• 


• 


• 


P— 


• 


fN 


o 


>- 


• 


o 


o 




























o 


o 


o 


o 


o 


o 


o 


V 


UA 


3 


fN 






3 


fN 


















































CO 








CO 
















































































































□e 








oc 




















































»- 




Ul 


fN 


I- 




o 


in 




























(?* 


r*- 


r~ 


•o 


IN 


IN 


UA 


rn 


O 


to 




UJ 


in 


to 






m 




GC 
























fN 




CD 


D 


O' 




«T 


in 


fN 




o 


in 


fN 




o 




fN 


(X 


UJ 






vn 


CO 


f*- 


<4J 








* 




>r 


IN 


m 


rn 


in 


m 


IN 


fN 


o 


3 


in 


• 


• 


Ul 


in 


• 


• 


o 


r— 




















Vk 




>»• 




IN 


■-M 


UA 


w 


tJ 


tJ 


Ul 




• 


►N 


o 




• 


fN 


m 


a. 


< 


fN 


fN 










IN 


rsi 


IN 
























UJ 


o 






UJ 


o 






1-3 


3 


rsj 


rsi 


IN 


rsi 


IN 


IN 


fN 


IN 


IN 






o 


O 


O 


UA 


O 


o 


O 


o 


o 


oc 








oc 




















































3 








3 










u. 










































to 








to 










O 










































to 




UA 


in 


1/1 




o 


m 














































UA 




o 


'O 


UJ 




in 


NJ 




to 


























tr 


w 


tr 


UJ 






r~ 


* 


oc 




vu 


An 


CL 




r*- 


IN 




Ul 


r»- 


r~ 


r»- 


r- 


r»- 


r- 


r*- 


r» 


r~ 








o 


m 


in 


l/» 


r»l 


O' 


IN 


» 


Q. 


UA 


• 


• 


O. 


o 


• 


• 


<x 


X. 




















w 








HJ 


«4’ 


.—A 


CO 


O' 


IN 


• 






I'l 


o 






IN 


Ul 




o 


o 


O 


o 


o 


o 


o 


o 


Ul 


UA 


J. 




UA 


IN 


An 


Ul 


r» 


r» 


r~ 


<X> 


* 


3L. 


Ul 






z 


o 






LL. 


z 








































• 


Ul 








Ul 




































O 




O 


o 


UA 


o 




• 


■«» 








•N. 


















































• 


7— 








I— 




















































to 


• • 


•• 




to 




•» 


•« 
















































Ul 




* 




u 




* 














































UA 


•N 


UJ 


to 


Ul 


N, 


w 


to 














































z 


X, 


IN 


z 


z 


X 


IN 


z 


















































X 


•Jt 


fM 




X 


•X 














































X 








X 










z 






















z 
























• 








• 




Xi 


3 




CN 






m 




r~ 


CD 




z 


_i 




IN 


1*1 




in 


<3 


r- 


l» 


tr 


a. 




z 




z 




z 








192 



TABLE IV (CONTINUED) 



!ER CF PRI^'AF> NC22LES1 A UPTAKE CIAPEIEF: 11 «50 INCt-ES 

AFV KC22LE UAPETEP: 3.36 INCHES AREA RAIIO, AP/AP: 3. CO 

NC STACK LEKCTH: 35.10 INCHES CRIFICE ClAMETER: 6.9C2 INCHES 

NG 51ACK CIAKETEP* 11. 7C INCHES CRIFICE EETAi 0.^91 

NG STACK L/C: 3.00 ANBIENT PRESSURE: 3C.C5 INCHES HG 
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TABLE IV (CONTINUED) 



^►eEP CF FPl^AFt ^C2^LESs A UPTAKE ClAHETcR: 11. 5C INCHES 

FFlPAFIr HC22LE ClAKETER: 3.36 INCHES AREA RAT1C« AH/AF: 3.00 

PIAING STACK LENGTH; 2S.25 INCHES CRIFICE ClAHETEF: E.^C2 INCHES 

HIKING STACK CIAHETEFJ 11.70 INCHES ORIFICE BETA I C.AS7 

HIKING STACK L/Ci 2.50 AHEIENT PRESSURE: 30. C4 INCHES HC 
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N, h2C»; 1.950 l.-^20 0.880 0.370 0.210 

FMSC 0.187 C-136 0.084 0.036 C. C2C 

HIXINC- STACK FPESSUPE C1S7R1BUT10N FOR RUN: 9 POSITION Q TABLE IV (CONTINUED) 



NLFEER CF PRIMARY FC2ZL6S: ^ LPTAKE CIAMETERi 11.50 INCHES 

PRIM/RV NOZZLE DIAMETER: 3.70 INCHES AREA RATlCi AM/AF: 2. 5C 

MXUG STACK LENGTHS 2S.25 INCHES ORIFICE OlAMETER: 6.902 INCHES 

M>ING STACK CIAMETER: 11.70 INCHES ORIFICE BETA: O.A97 

MIXING STACK L/0: 2.50 AMBIENT PFESSURE: 28. S3 INCHES HG 



) 






>o rn o oj 



rg if» o 



CN 'O 'W u> 

. • * » . 

^ m m «*» 



I 

< 



nt «g ut cu 



O O O O U O 



n> rn rn ni 
OO CO vu CD 



Q, U. m rg 



UJ ut 



•r O rg ^ 



rnrg—toooooo 



o o o o o 






rgcut-»,-««grnrr\>g-rn 
*— gj *- r» I*- r* 

■G^'4Js0~4J'4J'4J'4J>0 

......... 

m rn PI m rn rn fo <•» rn 



vO <0 'U 



o o o o 



(\j rg ^ ^ 



m >r 

'** O' 
in 



nO lO ^ o 



m m in m tn m in 



o o o o o 



rg (N rg (NJ 

rg rg oj rg 



CO rg rn rg >J“ rg 



o o o o o o o 



m m p» 



rn PI m *n m 



O O Q O 



'*» rg o g> 



C 

13 



LO 

CN 

II 

Q 



OC 

O 



o o O O o O 



fO 



in in ui ui 



Z) —t rg rn -T m 



^ eg PI 



195 



TABLE V. PERFORMANCE DATA FOR STRAIGHT MIXING STACKS WITH PRIMARY NOZZLE 
DIAMETERS OF 3.70 IN. 
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SUCK PRESSLftE C I STR IBUT I CN F CP RUM 9 POSITICh 8 TABLE V (CONTINUED) 

>/C; 0.0 0.50 l.CO 1.50 2.00 

FPSilN. ^ 2 CIJ 1.150 C. 81 C 0.510 0 . 3 AO O.llC 

FHS*J 0 . 23 S C.llO 0.018 O.OAt 0 .C 15 



NUMBER CF FRIMAFI N02ZLES: A UPTAKE CIAREIEF* 11 ,50 INCHES 

PFIRARV N0221E CIAREIEF: 3.7C INCHES AREA RATIC. AK/AFx 2.50 

► IXIKG STACK LENGTHS 20.48 INChES ORIFICE OIAHEIEP* 6.902 INCHES 

MIXING STACK OlAHEIER: 11.70 INCHES ORIFICE BETA: 0.497 

MIXING STACK L/Os 1.75 AMBIENT PRESSURE: 29.85 INCHES HG 
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HIXIKC STACK FFES5LPE CISTRIBUTICN FCP RUN: 9 POSITION 8 TABLE V (CONTINUED) 

K/Cs 0 .0 0.50 I. CO 1.50 

PKSUN. HiU: 1.390 C.700 0.430 C.llO 

FKM: C.I69 C.C95 0.059 0.015 



NLfEER CF PftI^AR> ^C22LESx 4 UPTAH£ CIAPETER: 11.50 INCHES 

fFIF/RV ^022LE UARETERx 3.70 INCHES AREA RATlCt AR/AFx 2.50 

MXING STACK LENCTF; 2S.25 INCHES CPIFICE CIAHETEF: 6.9C2 INCHES 

M>1NG STACK ClAPcTEP: 11.70 INCHES ORIFICE BETA; 0.4ST 

M>ING STACK L/C: 2.50 AP81ENT PPESSUPE: 3C.C3 INCHES hC 
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TABLE VI. PERFORMANCE DATA FOR MIXING STACKS WITH A SEVEN DEGREE SOLID DIFFUSOR 



U Hi Hi «M 

> o m 



O O o o o o 

• ••••• 

o o o o o o 



>r •*r >»■ ■*»' 'I' 



04 ID u m 



oH IV 04 « 



to CO ^^4 



•-< o 04 

Iftt C 3 

O • (^ 



•• *T •• 

^ 4 L • UJ 

CC 'H UJ o cc 

UJ X »- J 

^ UJ •• W 4 

144 X < V# 

X • ^ U1 

^ O ►-« U1 I*. 

M 1-4 O 03 

»J r— 

<l Ui UJ 

UJ o o ^ 

X ■-« i-H ui 

^ < u. u. 

»- UJ *-4 I-I 03 

a cc oc QC X 

3 < *-» O < 



m ID ID «o 



(rj0J.-».-»OOOO 



CO vT ID 



X 

o 



ID o O ID 



W» O 04 



ID 'T O 44- 



04 CD> 4 ‘'TIDIDlDlDlD 



r- o 

O) p- 

• • • 

04 rr» 






X m m m m ro oi 



C 

CcJ 



o u u o o 



-T r- O r- CO 04 



IDIDIDIDUIIDiD*****' 



< ^ ® CO 



o o o o ^ 



z 

Ui 

cc 



iDOOf-tOlDlDOliV 



® ID ID 



O O O O O 



^ O <71 *-• 

3 ID • • 

OL • O O 



X uO 

CJ Ui 

Z I/) X 
c« Ui O 

X z 
-r o cj « 



QrDvOO'lDOilDvr 



HI o sO o >o «o 



0 » fO fM 



ro i-i O •— I rn ro 



CO LO CO CO 



O O o o 



CJ O 04 f-l 
« CJ • • 

»- ••MO 



0» It 



U ^ ^ CJ 



Q 

« M 

^ u 



X *V 1 _) 

o < 



IX u. cy 

Ui ^ z 

U X «M 



O O 

^ < 
»- 

W* t /1 



uiOUOOUUOUO 

^rV 040 i 04 lVtV 040404 
-*04 04 04 04 0401040404 



U- X 

o o 



oooooooo 



-I X ^ 



< N 
U vt 



Hi ID 04 ,J. 



O iM IV 



23 «-<rvfO'TiD>or«-®co 



o- o ® 

</» HI *-t 

•— < O ID 04 



199 



MXI^C STKK PBESJLPE D I STB I B^JT ION FOR RU^: 9 POSITION 0 TABLE VI (CONTINUED) 

>/C: O.C 0.50 l.CO 1.50 2.0C 

N. F2CI: 2. £00 1.500 C.70O 1.070 0.620 

FP5«: 0.36^ C.210 0.109 0.150 0.067 



Mf»fER CF PRIMARY hCZZLES: ^ UPTAKE CIAMETER: 11,50 INCHES 

PFIMARY NOZZLE DIAMETER: 3.70 INCHES AREA RATIC, AM/APS 2.5C 

MKING STACK LENCTh: 2S.25 INCHES ORIFICE DIAMETER: 6.SC2 INCHES 

MI>ING STACK DIAMETER: 11.70 INCHES ORIFICE BETA; C.497 

MIMING STACK L/D: 2.50 AMBIENT FFESSURE: 30.16 INCHES hC 
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TABLE VI (CONTINUED) 
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NLf'EER CF FRIHAF> ^C22LES^ A UPTAKE CIAKETEF: 11,50 INCHES 

PPIPAPY NOZZLE ClAPETER: 3.7C INCHES AREA RATIC, AP/AF: 2.50 

PIXUG STACK length; 29.25 INCHES ORIFICE OlAPETEF: 6.902 INCHES 

FIXING STACK ClAKETER; 11.70 INCHES ORIFICE BETA; 0.A97 

FIXING STACK L/O: 2.50 AMEIENT PRESSURE: 30.18 INCHES HC 
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FIXING STACK PRESSURE OISTRlfiLTION FOR RUN: 0 PC5I1I0N B TABLE VI (CONTINUED) 

X/Cx 0.0 C.50 l.CO 1. SO 2. CO 

FFSUN. H2C) ; 1.A8C 0.760 1.075 0.615 

FFS^x 0.369 0.207 0.106 0.150 0.006 
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PIXJNC ST^CK FRE5SLPE CISTRI8UTICN FCR RUh: 8 PQSI7I0N B 

>/cj c.o c .50 I. CO 1.5C 2.00 TABLE VI (CONTINUED) 

K. h2C): 2.^30 1.3^0 ♦♦«♦♦♦ 1.100 0.6EC 

PhS*i 0.3^1 C.188 **«♦*♦ C.15^ C.CS3 
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NUr^eER CF PRIMARY NC2ZLES: 4 LFTAKE CI^METER: 11.50 INCHES 

PRIMARY ^C22LE CI^PETER: 3.7C INCHE! AREA RATIO. AH/AP2 2.50 

► I>UG STACK LENCTh: 59.25 INCHES CRIFICE OIAHETERJ E.SC2 INCHES 

HI)(ING STACK OIAHETER: 11.70 INCHES CRIFICE BETAi 0.497 

M>ING STACK L/C; 2.50 AMBIENT PRESSLRE: 30.13 INCHES HG 
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TABLE VII. PERFORMANCE DATA FOR THE TWO-RING DIFFUSOR CONFIGURATION 
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Mf£EP CF FFIH^FY ^C2ZLESI ^ UPl^KE CUHETER: 11.50 UChES 

PRIFAPV NCZZLE CUHETER: 2.70 INCHES AREA PA71C# /P//FJ 2.50 

M)UG MACK LEhCTh; 29.25 IhCHES CRIFICE CIAME7ER: ^.9C2 lACHEi 

HIAIKG S7ACK 0IAPE7ER: 11.70 INCHES CRIFICE 8E7A: C.^97 

MIXING S7ACK L/D: 2.50 AM8IEK7 FPESSLRE: 29.97 INCHES HG 
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TABLE VIII. PERFORMANCE DATA FOR THE THREE-RING DIFFUSOR CONFIGURATION 
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TABLE IX. PERFORMANCE DATA FOR THE PORTED MIXING STACK 
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CONFIGURATION 
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TJKEN CN 1 AUG ISU LEKKE ANC STAEhLI 
S/C • .5; FCFIEC FIXING ST4CK, A-1 B*1 CONFIGURATION, SECCNCARY BOX CPEN 
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TABLE IX (CONTINUED) 
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tnt^ T^KIK C^ 1 AUG LEMKE ANC STAEhLI 

S/C ■ .5: fCPlEC PIXINC ST4CK, A-1 8-1 C-2 CONFI GURAT ICN * SECONDARY EC> OPEN 
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>EER Cf PRIMARY hC2ZLES: A LPTAKE CIAMETER: 11. 5C INCHES 

IM/RY NOZZLE CIAMETER: 3.70 INCHES AREA RATIC, AM/AP: 2.5C 

XING STACK LENGTI^; 26.25 INCHES ORIFICE DIAMETER: 6.902 INCHES 

XING STACK CIAMETER: 11.70 INCHES ORIFICE BETA: O.AST 

>1NG STACK L/O: 2.^1 AMBIENT PFESSUPE: 2S.S5 INCHES HG 
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TABLE X. PERFORMANCE DATA FOR THE PORTED MIXING STACK WITH TWO-RING DIFFUSOR 



Cf FPIFAP> ^CZZLES: 4 IPTAKE DIAPETER: 11*5C INCHES 

PRIPARY NOZZLE ClAPETER: 3,70 INCHES 4REA RATIC. AN/AF; 2.50 

PINING 51ACK length; 28.25 INCHES ORIFICE OlAPETEFJ C.SC2 INCHEE 

PINING STACK ClAFETER: 11. 7C INCHES CRIFICE BETA: C.AS7 

MIXING STACK L/C: 2.41 AMBIENT PRESSUFEJ 29.95 INCHES HC 
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^L■^EEP CF PRIMARY NCZZLES: ^ UPTAKE DIAHE7EF: 11.50 IKCPES 

PRIMARY KCZZLE CIAKE7ER: 3.70 INChES AREA RA7IC» AK/AP: 2.50 

PIKIKC 57ACK LEKGTh; 20.25 INCHES ORIPICE DIAKETEP: e.SC2 INCHE 

MKJNG STACK CIAKETER: 11.70 INCHES CRIFICE BETA: C.^57 
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SECONDARY BOX OPEN (TERTIARY PUMPING) 
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MfBE#! CF PPIM^PV hCllLiSt < UPTAKE CIAMETER: 11*£0 IKCFES 

PRI^API PC22LE CIAPETER: 3.70 INCHES AREA FATIC, AP//FI 2. SO 

MJtlFG STACK LE^G^H; 29.25 INCHES ORIFICE OIAPETEFi 6.902 INCHES 

HIXING STACK DIAHETER: 11.70 INCHES CRIFICE 8ETA: C.497 

MIXING STACK L/D: 2.50 AMBIENT PRESSLREi 29.96 INCHES HG 
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TABLE XI. PERFORMANCE DATA FOR THE PORTED MIXING STACK WITH TWO-RING DIFFUSOR 
AND SHROUD 



KLP6EP CF PRIMARY NCZZLESi ^ IPTAKE CIAHETEPS 11.50 I^C^-ES 

FPIP/PY NOZZLE CIA^ETEP: 3I.7C INCHES ^REA RATIO, AP/AP: 2.50 

PI>IhG STACK LENCTF; 25.25 IKCHES ORIFICE OlAMETEP: Z.SC2 INCHES 

MI>1NG STACK OIAPETER: 11.70 INCHES CPIFICE BETA: 0.A57 

► DING STACK L/C: 2.50 AHEIENT PRESSURE: 25. 5E INCHES 
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MXINC STACK PPESSLRE C1STR18UT1CN FCP RUN: 5 POSITION B 

>/C; 0.0 0.25 O.SO C.75 1.00 1.25 1.50 

FPS( IN. FiCJ: 1,120 0.9A0 0.820 **♦♦♦* 0.790 0.650 

FP<*: C.156 0.131 O.ID #♦♦*#* 0. 110 0.05C 

(b) TERTIARY BOX OPEN 
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SECONDARY BOX OPEN (TERTIARY PUMPING) 
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WL^EER CF FPIPAF^ NCZZLESt ^ UPTAKE ClAKETEF: 11,50 INCFES 

fPIK/PV ^ 0 ^ 2 LE CIAPEIER: 3.70 INCHES AREA RATIC, AH/AFl 2.50 

FIXING STACK LEKCTH; 29.25 INCHES ORIFICE OlAKETEF: 6 .S 02 INCHES 

HIX 1 N 6 STACK OIAPETER: 11.70 INCHES CRIFICE 8 ETA i 0.^97 

MIXING STACK L/D: 2.50 AHEIEM PRESSURE; 29*98 INCHES HC 
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TOTAL PERFORMANCE 
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TABLE XII. PERFORMANCE DATA FOR THE PORTED STACK WITH TWO-RING DIFFUSOR AND 
SHROUD CUT BACK ONE-HALF INCH FROM MIXING STACK ENTRANCE 
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PIXING STACK L/C: 2.50 APBIENT PPESSLPE: 29.91 INCHES HG 
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TABLE XII (CONTINUED) 
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TABLE XII (CONTINUED) 
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>eER CF FP1^^/FY NC22LES: A LPl^KE CUHE1ER : 11 .5C IhCFE3 

IP^RV NOZZLE CUME7ER: 3.7C INCHEJ AFE/i F/TIC, AH/APJ 2.5C 

)UG MACK LE^GT^! 29.23 INChES CPIFICE C1APE7EPJ E.9C2 UCHES 
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TABLE XII (CONTINUED) 
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TABLE XIII. PERFORMANCE DATA FQR PORTED MIXING STACK WITH RING DIFFUSOR 
AND FLOW-THROUGH SHROUD 
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TABLE XIII (CONTINUED) 
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(c) TERTIARY BOX CONTROLLED 
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MfEEfl Cf PRIFAR> ^C^2LESI ^ IPT^KE CIAFETERs 11.50 INCHES 

FFIK^PY N02ZIE CIA^ETEF: 2.7C INCHES AFEA F2TIC. AH/^F: 2.50 

HIMNG STACK LENGTH; 29.25 INCHES ORIFICE OIAFETEFj d.S02 INCHES 

MIXING STACK OIAKETEF: 11.70 INCHES ORIFICE BETA.* C.^S7 

MIXING STACK L/C: 2.50 AK6IENT PRESSURE: 29.91 INCHES HG 
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TABLE XIII (CONTINUED) 
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12"^. 4 


C.9711 


C.5E57 


0.5734 


0.562C 


^•CCC 


C .125 


3.30 


3.5C 


123.5 


127.2 


C.5711 


l.COCl 


0.5734 


0.5505 


6.5CC 


0.625 


3.50 


3.55 


127.2 


128.1 


1.0001 


1.CC72 


0.55C5 


0. 5547 


7.CGC 


1.125 


3.65 


3.70 


129.5 


130.8 


1.0213 


1.C262 


0.6C30 


0.6072 


7.5CC 


1.625 


3.50 


3.£C 


134.3 


132.5 


1.0557 


1.C42C 


0.6234 


0.6153 


6.CCC 


2.125 


4.25 


3 .50 


140.2 


134.3 


1. 1020 


1.0557 


0.65C7 


0.6234 


e,500 


2 .625 


4.45 


3.70 


143.4 


130.8 


1.1277 


1.0262 


0.6655 


0.6072 


^•CCC 


3.125 


4.65 


3.45 


145.7 


126.3 


1.1772 


0.5525 


0.6551 


0.5663 


C.5CC 


3.62 5 


4.90 


3.15 


150.5 


120.7 


1.1333 


0.5467 


0.6567 


C.56C2 


3C.C0C 


4.12 5 


5. 10 


2.5C 


153.5 


U5.8 


1.2072 


0.51C3 


0.7126 


0.^3375 


1C.50C 


^.625 


4.70 


2.75 


147.4 


112.7 


1.1589 


0.6665 


0.66^3 


0.5234 


11.000 


5.125 


4.20 


2.50 


135.3 


107.5 


1.0955 


C.6452 


0.6465 


0.4551 


11. 5CC 


. 5.625 


2.20 


1.7C 


100.8 


63.6 


C.7529 


0.6570 


0.4662 


0.4116 


11.75C 


5. £75 


2.20 


1.3C 


100.8 


77 .5 


0.7929 


C.6C55 


0.4662 


0.3555 



INTEGRATED FLOW RATE = S5.77 CU. FT/SEC 

= 6.S35 L6M/SEC 



AVERAGE VELOCnv = 127.18 FT/SEC 
FFIKARV FUCK RATE, KP = 3.76S LEM/SEC 

FFIFAFV VELCCnv, UP = 215.38 FT/SEC 
KO'EMLM FACTCP, KM = 1.017 

(a) L/D = 3.0 

TABLE XIV. EXIT VELOCITY DATA FOR A STRAIGHT MIXING STACK 
WITH 3.38 IN. NOZZLES 
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C/I7A TAKEN ON 27 FEB 1‘78 EV LEMKE ANC STAEFLI 
S/C = .5 ; l/C= 2.5 

STRAIGHT stack; 4 NC22LE£(3.38 IN.4 



AReiEKT PRESSLPE * 29.810 IK.HGA, TEMPERATURE = 78.0 DEG. FARR 

FFICAFV <UFTAKE) TEMPERATURE = 112.5 DEG.FAHR 



X R 

I^C^ES 


P7A 

IN. 


pTe 

h2C 


VA VB 

FT/2EC 


VA/VAV 


VE/V^V 


VA/IP 


V8/UF 


C.C 


5.875 


1.05 


1 .C5 


70.4 


70.4 


0.5364 


0 .5364 


0. 2236 


0.3228 


C.5CC 


5.275 


2.30 


1.70 


124.5 


65.6 


C.5509 


0.6625 


0.574C 


0.4120 


l.CCC 


4.675 


4.25 


1.5C 


142.4 


54.6 


1.0917 


0.7215 


0.6550 


0.4255 


1.5CC 


4.375 


4.^5 


2.15 


152.5 


100.8 


1.16 46 


0 .7675 


0.7030 


0.4622 


a.OGO 


2.675 


5.80 


2.65 


165.6 


111.5 


1.26C6 


0.6521 


0.76 1C 


0.5144 


2.50C 


2.275 


6.20 


3. 1C 


171.2 


121.0 


1.3033 


0.5216 


0.7666 


0.5563 


3.00C 


2.675 


5.50 


3.50 


167.0 


128.6 


1.2714 


0.5752 


0.7675 


0.5511 


3.50C 


2.275 


5.45 


3.75 


160.5 


133.1 


1.2220 


1.C126 


0.7376 


0.6115 


A.CCC 


1.675 


4.70 


3.5 0 


145. X3 


135.6 


1.1348 


1 .0337 


0. 6850 


0.624C 


4.500 


1.275 


2.50 


3 .65 


13 5.8 


131.2 


1.0327 


l.CCCC 


0.6240 


0 .6037 


5.CCC 


C.875 


3.50 


2.4C 


128.6 


126.8 


C.9752 


C.5652 


0.5511 


0.5626 


5.5CC 


0.375 


3.25 


3.25 


123.5 


123.5 


C.9436 


0.5426 


0.5656 


0.5656 


6. COO 


0.125 


2.10 


3.15 


12 1.0 


122.0 


C.5216 


C.52«C 


0.5563 


0.5608 




C.625 


2.20 


2.4C 


123.0 


126.8 


C.9363 


0.5652 


0.5652 


0.5626 


7.00C 


1.125 


3.40 


2.55 


126.8 


129.5 


C.5652 


0.5662 


0.5626 


0.5552 


7.50C 


1.625 


3.70 


3.70 


13 2 .>2 


132.2 


1.0068 


1.0066 


0.6C76 


0.6078 


6.CCC 


2.125 


4.00 


3.65 


13 7.5 


134.5 


1.0469 


1.C27C 


0.6319 


0.6200 


6.500 


2.625 


4.50 


3.75 


145.8 


123.1 


1.1104 


1.0136 


0.67C2 


0.6115 


5.0CC 


2.125 


5.10 


3.65 


155.2 


131.3 


1.1821 


l.CCCC 


0.7126 


0.6037 


5.5CC 


2.62 5 


5.50 


3.40 


167.0 


126.8 


1.2714 


0.5652 


0.7675 


C.5626 


10.000 


4.125 


6.20 


2.6C 


172.5 


115.0 


1.3138 


0.6755 


0.7531 


0.5267 


1C.50C 


4.625 


6. CO 


2.6C 


168.4 


110.8 


1.2821 


C.644C 


0.7740 


0. 5C55 


11.000 


5.12 5 


5 .40 


2.7C 


155.7 


113.0 


1.2163 


C.66C1 


0.7343 


0.5152 


11.5CC 


5.625 


4.20 


2.2C 


14C.5 


104. 2 


1.0727 


0.7526 


0.6475 


0.4752 


11.75C 


5.675 


1.60 


■ 1 .3 5 


87.0 


79.9 


0.6621 


0.6C62 


0.3557 


0.2671 



IKTEGRATEC FLOW RATE = 98.89 CU. FT/SEC 

= 7.0C5 LBM/SEC 

AVERAGE VELOCITV = 121.23 FT/SEC 

FFIMAFY FLCR RATE, WP = 3.745 LBM/SEC 

FFIM/FV VELOCITY, UP = 217.56 FT/SEC 

MCMEMUM FACTCF, KM = 1.027 



(b) L/D =2.5 

TABLE XIV (CONTINUED) 
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CATA TAKEN ON 8 MARCK 1S7E B> L=^KE AND STAEHLI 
S/C=.5; L/C= 2.i 

STFAIGHT stack; A NOZ2 LES ( 3 .699 IN.) 



AFEIEKT PRESSURE = 29.979 IN.HGA, TEMPERATURE = 63.0 DEG.FAPR 

PRIMARY (UPTAKE) TEMPERATURE = 1C6.A CEG.FAI-R 



> R 

UCI-E5 


PTA 

IN. 


PTB 

t-20 


VA VB 

FT/SEC 


VA/VAV 


VB/VAV 


V^/UF 


V 8/UP 


o 

• 

o 


5.815 


2.10 


1.C5 


98. A 


69.6 


0.86<3 


0.6111 


0.5490 


0.2882 


C.5CC 


5.515 


2. CO 


l.<5 


117.7 


61.8 


1.0330 


0.7182 


0.6581 


0.4582 


1.000 


A . 8 1 5 


2.20 


1.85 


123. < 


87.2 


1.C824 


C.1881 


C.6882 


0.4888 


1.5CC 


<.575 


<.25 


1.85 


' 140.1 


92.4 


1.2295 


0.8112 


0.7810 


0.5155 


2.00C 


5.815 


5. CO 


2 .25 


151.9 


101.9 


1. 3226 


0.8948 


0.6411 


0.5682 


2.500 


3.275 


<.S5 


2.70 


151.2 


111.6 


1.3269 


0.9800 


0.8428 


0.6225 


f.CCC 


2.875 


<.85 


2.€C 


149. ,6 


115.7 


1.3134 


1.C158 


0.6342 


0. 6451 


3.5CC 


2.275 


< .<0 


2.25 


142.5 


124.2 


1.2510 


1 .C918 


0.7946 


0.6924 


<.CCC 


3.815 


<.2C 


2.8C 


139.2 


128.9 


1.2223 


1.1218 


0 .7784 


0.7188 


4.5CC 


1.315 


3.80 


3.85 


132.4 


129.8 


1.1626 


1.129< 


0.1285 


C.7227 


5.00C 


C.815 


2.80 


3.55 


128.9 


128.0 


1.1316 


1.1251 


0.1168 


C.7138 


5.5CC 


C.275 


2. <5 


2.5C 


126. 2 


127.1 


1.1078 


1.1158 


0.7058 


0.7C87 


6.CC0 


0.125 


2.50 


3.55 


127.1 


128.0 


1.1158 


1.1221 


0.7081 


C.7138 


6.50C 


0.825 


3.65 


3.8C 


129.8 


128.9 


1.1394 


1.1216 


0.7227 


0.7188 


7.CCC 


1.125 


3.85 


3. 1C 


133.3 


130.7 


1.1702 


1.1472 


0.7453 


0.7281 


7.500 


1.625 


<^05 


c ^ c c 


136. 7 


128.0 


1.2002 


1.1221 


0.7624 


0.7128 


E.CCC 


2. 3S5 


<.<5 


3.25 


143.3 


124.3 


1.2581 


1.0918 


0.799 1 


0.6924 


8.50C 


2.825 


<.S5 


2.85 


151.2 


114.7 


1.2269 


1.CC88 


0.8428 


0.6395 


€.000 


2.125 


5.05 


2.40 


152.1 


105.2 


1.3403 


0.9229 


0.8513 


0.5869 


«.5CC 


3.825 


5. 10 


2.CC 


153.4 


96. 1 


1.3469 


o.e<5< 


0.6555 


0.5257 


IC.CCC 


<.125 


< .20 


1.15 


139.2 


89.9 


1.2223 


C. 189C 


0.7784 


0.5011 


3C.5CC 


<.825 


2.55 


1.55 


126.0 


84.6 


1.1237 


0. K25 


0.7156 


0.4716 


ll.CCC 


5.125 


2.80 


l.<5 


112.7 


81.8 


C.9980 


0.1182 


0.8359 


0.4562 


11.500 


5.825 


l.<5 


1.10 


81.8 


71.3 


C.7182 


0.8255 


0.4582 


0.3973 


11.75C 


5.815 


l.<5 


1. 1C 


81.8 


71.3 


0.7132 


0.8255 


0 .4582 


0.3973 



UTEGRATED FLC*. RATE = 65.78 CU. FT/SEC 

= 6.. 220 LBM/SEC 

AVERAGE VELCCI7Y = 113.91 FT/SEC 

PRIMARY FLOW RATE, hP = 3.759 LBM/SEC 

PFIMARY VELOCITY, UF = 179.34 FT/SEC 

MOMENTUM FACTOR, KM = 1.028 

(a) L/D = 2.5 

TABLE XV. EXIT VELOCITY DATA FOR STRAIGHT MIXING STACK 
WITH 3.70 IN. NOZZLES 
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CATA TAKEh CN S f'APCH 1570 EY LEMKE AND STAEHLI 
£/C=.5; L/C= 1.7S 

STPAIChT stack; a NOZZLES ( 3 .699 IN.) 



A)<EIENT PRESSURE = 29.854 IN.H6A, TEMPERATURE = 66.0 DEG. FAhR 

FPIMAPY (UPTAKE) TEMPERATURE = 110.6 CEG.FAMR 



X R 

INCHES 


PTA 

IN. 


PTB 

hZQ 


VA VB 

FT/SEC 


VA/VAV 


VB/VAV 


VA/ IF 


V £/UP 


0.0 


E.E15 


1.20 


0.5C 


74. £ 


48.2 


C.6857 


C.4426 


0.4128 


0.2671 


C.5QC 


5.275 


2.25 


C.65 


102.5 


55. 1 


0.9390 


0.5C47 


0.5666 


0.2045 


l.CCC 


4. £75 


3.20 


1 .CC 


124.1 


68.3 


1.1372 


0.626C 


C.6£61 


0.3777 


1.5QC 


4.375 


4.40 


1.C5 


143.3 


70.0 


1.3131 


0.6415 


0.7923 


0.287C 


2.CCC 


2.675 


5.40 


1.50 


15fi.7 


83.7 


1.4547 


0.7667 


0.£777 


0.4626 


2.5QC 


3.375 


5 .70 


2.10 


162.1 


99.0 


1.4945 


0.9072 


0.9018 


0.5472 


3.0CC 


J.£7f 


5.7C 


2.60 


162. 1 


110.1 


1.4945 


1.0094 


0.901£ 


0.6090 


3.5CC 


2.375 


5.35 


3.20 


158.0 


124.1 


1.4479 


1.1272 


0.£726 


0.6£61 


A. 000 


1 .£75 


4.75 


3.65 


14£.9 


130.5 


1.3643 


1. I960 


0.£222 


0.7216 


4.50C 


1.375 


4.C5 


3.75 


137.5 


132.2 


1.2598 


1.2122 


C.76C 1 


0.7214 


5.0CC 


C .£75 


3.60 


3.65 


129.6 


130.5 


1.1877 


1. I960 


0.7166 


0.7216 


E.5CC 


C .275 


3.20 


3.3C 


122.2 


124.1 


1.1153 


1.1372 


0.6757 


0.6661 


6.CCC 


C.125 


2.20 


3.15 


122.2 


121.2 


1.1198 


1.1110 


0.6757 


0.67C4 


6.5CC 


0.625 


3.30 


<3 . T C 


124.1 


125.0 


1. 1272 


1.145£ 


0.6861 


0.6912 


I.COC 


1.125 


3.60 


3.55 


129.6 


128.7 


1.1877 


1.1795 


0.7166 


0.7117 


7.500 


1 .625 


3 .95 


3 .70 


135.8 


131.4 


1 .2441 


1. 2041 


0. 75C7 


0. 7265 


a. 000 


2.125 


4 .60 


2.35 


146.5 


125.0 


1.3426 


1.1458 


0.8101 


0.6913 


E.5CC 


2.625 


5.45 


2.75 


159.5 


113.3 


1.4614 


1 .C2£l 


0.8818 


0.6264 


9.000 


2.125 


5.90 


2 .4C 


16 5.9 


105. 8 


1. 5205 


0. 969£ 


0.9174 


0.5851 


S.5CC 


3.625 


5.60 


1. £C 


161. .6 


91.6 


1. 4814 


C.8399 


0 .8938 


0.5067 


1C. 000 


4.125 


4 .60 


1.20 


146.5 


74.8 


1.3426 


0.6£f 7 


C. £1C1 


0. 4128 


1C.5CC 


4.625 


3.45 


1 .05 


126. 9 


70. 0 


]. 1627 


0. 6415 


0 .7016 


0 .3870 


ll.CCC 


5.125 


2.40 


0.90 


105.8 


64.8 


0.9698 


0.5929 


.0.5851 


C.3583 


11.5QC 


5.625 


1.60 


0.65 


86.4 


55.1 


0.7918 


0. 5047 


0.4778 


0.3045 


U.75C 


5 . £ 7 5 


1.60 


0.65 


86. .4 


55.1 


C.7918 


0.5047 


0 .4778 


0.3C45 



IKTEGFATED FLCV RATE = 82.17 CU. FT/SEC 

= 5.054 LBM/SEC 



AVERAGE VELOCITY = 1C5.12 FT/SEC 
PRIMARY FLOW RATE, WP = 3.747 LBM/SEC 

FFIMAFY VELOCITY, UP = 180.85 FT/SEC 
MCMEMLM FACTCP, KM = 1.078 

(b) L/D = 1.75 
TABLE XV (CONTINUED) 
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CATA TAKE^ C^ 13 ^APCh 1978 EY UEMKE AND STASHLl 
S/D = .E; L/C= 2 . 5 ; 7 DEtRSE SCUD DIFFLSOR 
A NOZZLESO .659 IN.J 



AMEIEN7 PRESSURE = 30.166 U.HGA, TEMPERATURE = 72.0 DEG.FAFR 

FFIFAFY (UPTAKE) TEMPERATURE = 111.2 DEG.FAFR 



X P 

INCHES 


PJA 

IN. 


PTE 

H2C 


VA VB 

FT/SEC 


VA/VAV 


VB/VAV 


VA/LF 


VB/LF 


0 .0 


6.375 


1.20 


0.35 


74.6 


40 .3 


C.7207 


0. 3 £52 


0. 41^6 


0.223 5 


C.5CC 


S.E7S 


2.25 


0.7C 


102.2 


57.0 


0'.9869 


0 .55C4 


0 .5677 


0.3166 


l.CCC 


S.37S 


3.00 


0.75 


11 8.0 


59.0 


1.1395 


0.565£ 


C.6555 


0.3277 


l.SOC 


4. £75 


3 .60 


1.10 


12S. 3 


71. 5 


1. 2483 


C.65CC 


0 .7181 


0 .3969 


2. CCC 


4.27S 


4. 50 


1.4C 


144.5 


80.6 


1.3956 


0.7784 


0.8C28 


0 .4478 


2.5CC 


2.£7S 


4.85 


l.£5 


150.0 


92. 7 


1.4489 


0.8S46 


C.8334 


0.5147 


3.000 


3.37S 


4. SO 


2.15 


150. 8 


99. S 


1.4563 


0.9647 


0.8377 


0.5549 


5.5CC 


2.875 


4.80 


2.65 


149.3 


110.9 


1.4414 


1.0710 


0.8251 


0. 6161 


4.000 


2 .37S 


4.50 


3.10 


144.5 


120 .0 


1.3956 


1.1584 


0 .8028 


0.6663 


4.5CC 


1.87S 


4.25 


3.45 


140.5 


126.6 


1.3563 


1.2220 


0.73C2 


0.7025 


5. CCC 


1.37S 


3. SO 


3.50 


134.6 


127.5 


1.2993 


1.2iC£ 


C. 7474 


0.7C80 


5.50C 


0.£75 


5.55 


3.45 


12E.4 


126.6 


1.23S6 


1.222C 


C.7131 


0.702S 


6. CCC 


C.37S 


3.30 


3.25 


123.8 


122.8 


1.1951 


1.1861 


0.6875 


0.6823 


6.5CC 


C.125 


3.20 


5.20 


121. S 


121. S 


1.1769 


1. 1765 


C.677C 


0.677C 


7. CCC 


C.625 


3.20 


3.20 


121. S 


121. S 


1.1769 


1.176S 


0.677C 


0.6770 


7. see 


1.12S 


3.40 


3.40 


125.6 


125.6 


1.2131 


1.2131 


0.6S7S 


0.6S78 


€.000 


1.625 


3.65 


3.25 


130.2 


122.8 


1.2569 


1.1861 


0.723C 


0.6823 


8. see 


2.125 


4.CC 


3. CO 


136.3 


118.0 


\.3158 


1.13S5 


0 .756S 


0.6555 


S.OOO 


2.625 


4.60 


2.65 


146.1 


110. S 


1.4110 


1.C71C 


0.8117 


0.6161 


S.500 


3.125 


4.65 


2.30 


15C.C 


103.3 


1.4489 


C.9S78 


0.8334 


0.573S 


IC.CCO 


i .62 £ 


5.20 


1.75 


155.4 


SO.l 


1.5003 


0.87C3 


0.863C 


0.5CC6 


IC.SOC 


4.125 


5.00 


1.45 


152.4 


82.0 


1.4711 


0.7522 


0.8462 


0.4557 


ll.OOC 


4.625 


4. 1C 


1.10 


138.0 


71.5 


1.3322 


Q.6SCQ 


0.7663 


0.356S 


11. soo 


5.125 


3 .30 


0 .80 


123.8 


60 .9 


1.1S51 


0. 5884 


0.6875 


0. 33 85 


12.000 


5.625 


2.35 


C.6Q 


104.4 


52.8 


1.0085 


Q.5CS6 


0.58C2 


0.2531 


12.500 


6.125 


1.6C 


0.30 


86.2 


37.3 


0.8322 


C.36C3 


0.4787 


0.2073 


12.750 


6 .375 


1.30 


0.15 


77.7 


26.4 


0.7501 


0. 2548 


0.4315 


0.1466 



INTEGRATED FUQK RATE = 91.82 CU. FT/SEC 

= 6.621 UBM/SEC 

AVERAGE VEUCCITY = 1C3.56 FT/SEC 
FFIFAFY FUQW R/TE, W> = 3 .765 UBM/SEC 

PRIMARY VEUCCITY, UP = 180.03 FT/SEC 
MCMENTUH FACTOR, KM = 1^083 

(a) 7 DEGREE SOLID DIFFUSOR, RUN 1 

TABLE XVI. MIXING STACK EXIT VELOCITY DATA FOR VARIOUS 
EXIT GEOMETRIES 



241 



il 




DAIA TAKE^ C^ lA ^APCH 197£ BY LENKE ANO STAEBLI 
S/C=.5; t/C= 2. a 7 DEGREE iOLID CIFFUSOR 
A BC2ZLES(3.699 IN.) 



AfEIENT PRESSURE = 30.136 IN.HGA, TEMPERATURE = 85.0 DEG.FAHR 

PRIMARY (UPTAKE) TEMPERATURE = 116.5 CEG.FAFR 



X R 

INCHES 


PTA 

IN. 


PTB 

H2C 


VA ve 

FT/SEC 


VA/VAV 


VB/VAV 


VA/IP 


V8/UP 


C.O 


C.375 


C.75 


0 .05 


59.5 


15.4 


0. 5997 


0. 1546 


0 . 32 91 


0. C850 


0.500 


5 .6 <£ 


1 .50 


0.25 


84.1 


34.3 


C*. 6481 


C.3462 


0. 46£4 


0 .19CC 


l.COO 


f.31f 


2.2C 


0.4C 


101.9 


43.4 


1.0271 


C.436C 


0.5636 


0.2403 


1.500 


^.875 


3.00 


0.6C 


119.0 


61.4 


1.1994 


C.6194 


0.6561 


0.3399 


2.000 


<.375 


3.60 


1. 10 


130.3 


72.0 


1.3139 


0.7263 


0.72C9 


0.3985 


2.500 


3.875 


4.20 


1.3C 


140.8 


78.3 


1.4192 


C.7696 


0.7767 


0.4332 


3.00C 


3.375 


4.80 


1 .£C 


150.5 


92. 2 


1.5172 


0. 9291 


0.8325 


0.5098 


3. 50C 


2. 675 


4.90 


2.20 


152.1 


101.9 


1.5329 


1 .0271 


0.8411 


0 .5636 


4.0CC 


2.375 


4.30 


2.70 


142-4 


112.9 


1.4360 


1.1379 


0 .7679 


0.6244 


^.5CC 


1.875 


4.40 


3. 10 


144.1 


120. 9 


1.4526 


1 .2193 


0 .79 70 


0 .6690 


5.CCC 


1.275 


4.05 


3.50 


136.2 


128.5 


1.3936 


1.2955 


0.7647 


C. 71C9 


5.5CC 


C.875 


3.55 


3.25 


129.4 


123.6 


1.3048 


1.2464 


0.7159 


0.685C 


6.CCC 


0 .375 


3.25 


3.20 


123.8 


122.9 


1.2484 


1.2388 


0.6850 


0 .6797 


6. SCO 


0.125 


3.20 


3.15 


122.9 


121.9 


1.2388 


1 . 2 2 9 C 


0.6797 


C.6744 


7.000 


0.625 


3.15 


3.30 


121.9 


124.6 


1.2290 


1.2580 


0. 67^4 


0.69C2 


7.50C 


1. 125 


3.25 


3.40 


123.3 


126.7 


1.2484 


1.2769 


0.6850 


0.7006 


8.000 


1.625 


3 .45 


3.3C 


127.6 


124.8 


1.2862 


1. 256C 


0. 7056 


0. 69C2 


8.500 


2.125 


3. £0 


3.35 


133.9 


125.7 


) -3499 


1.2675 


C.7407 


0.6955 


S.OOC 


2.625 


4.25 


2.75 


141.6 


113.9 


1.4276 


1.1464 


0.7833 


0.6301 


9.500 


3.125 


4.95 


2.4C 


152.8 


106.4 


1.5407 


1. 0 72 6 


0. 8454 


0.5386 


1C. OOC 


3. 625 


5.25 


2. CC 


157.4 


97. 1 


1.5867 


C.9793 


0 .8706 


0.5374 


1C.5CC 


4.125 


5.00 


1.45 


153.6 


82.7 


1.5485 


0.8339 


C. 6496 


0.4575 


ll.OCC 


4 .625 


4.10 


1.20 


139. 1 


75.2 


1.4022 


0.7566 


0 .7694 


0.4162 


11 .5CC 


5.125 


3.30 


0.90 


124.8 


65.2 


1.2580 


0.6570 


0.69C2 


C. 36C5 


12.0CC 


5 .625 


2.40 


0.50 


10 6.4 


48.6 


1.0728 


0. 4897 


0.5866 


0.2687 


12. 5CC 


6.125 


1.75 


Q.25 


90.9 


34.3 


C.9161 


0.3462 


0.5027 


0.19CC 


12.7S0 


6 .375 


1 .25 


0 .20 


76.8 


30. 7 


C. 7742 


0.3097 


0.4248 


0. 1699 



INTEGRATED FLOW RATE = 87.55 CU .FT/SEC 

= 6.239 LBN/SEC 

AVERAGE VELOCITY = 99.20 FT/SEC 

FFIMAFY FLOW PATE, WP = 3.7A3 LBM/SEC 

FFIH/RY VELOCITY, UP = 180.78 FT/SEC 

MCMEMUM FACTCR, KM = 1.1C8 

(b) 7 DEGREE SOLID DIFFUSOR, RUN 2 

TABLE XVI (CONTINUED) 
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DATA TAKEN CN lb APRIL 1S7E 87 LEMKE AND STAEHLl 

S/C=.J; L/C* Z.5; 7 CEGBSE SOLID OIFFUSOR RING;4 ND 2 2L E S ( i . 4 99 IN.) 
SECCNOAR7 ECX OPEN; TERTIAR7 8 CX CFSN: 8ULK. AND CIAF. INSTALLED 



APEIENT PRESSLRE = 30.140 IN.HGA, TEMPERATURE = 86.0 OEC.FAFR 

PRIMARY (UPTAKE) TEMPERATURE = 113.1 DEG.FAHR 



X R 

INCHES 


FTA 

IN. 


PTE 

H2G 


V8 

FT/SEC 


VA/VAV 


V8/VAV 


VA/IP 


V8/UP 


C.O 


6.250 


1.30 


0.40 


76.2 


43 .4 


0.7843 


0 .4350 


0. 4336 


C.2405 


C.5CC 


5.75C 


2.40 


0.70 


106.3 


57.4 


1.0656 


O.llti 


0.5892 


0.3182 


l.OCC 


5 .25C 


2. do 


0.90 


114.8 


65 .1 


1.1510 


0.6326 


0 .6364 


0.36C8 


1.500 


4.75C 


3.50 


1.20 


13 5.5 


75.1 


1.3584 


0.7535 


0.751C 


C.4166 


2.CCC 


4.25C 


4.20 


1.70 


140.6 


£9.4 


1.4097 


0.8969 


0 .7794 


0.4959 


2.50C 


' .75C 


4.7C 


2.10 


148.7 


99.4 


1.4913 


0.9968 


0. 82-^5 


0.5511 


5.000 


3.25 C 


4.70 


2.50 


148.7 


108 .5 


1.4913 


1.C876 


0.82^5 


0.6C13 


3.500 


2.750 


4.60 


2.90 


147. 1 


116.8 


1.4753 


1.1714 


0.8157 


C.6476 


-<1.000 


2. 250 


4.40 


3. 40 


143.9 


126.5 


1. A429 


1 .2684 


0. 7977 


0.7012 


4.500 


1.750 


A. 10 


3.5C 


138.9 


128 .3 


1.3923 


1. 2869 


C. 77C1 


0.7115 


5.CCC 


3.250 


3.70 


3.50 


131.9 


128 3 


1.3231 


1 .2869 


0 .7315 


0.7115 


5. 500 


C.750 


3.50 


3.25 


128.3 


123.7 


1.2869 


1.2AC1 


0.7115 


0.6856 


t.cu 


C.250 


5.50 


3 .1C 


124. 6 


120. 8 


1. 2496 


1 .2111 


0.6909 


0.6696 


6. 5CC 


C.25C 


5. 30 


3.C5 


124. 6 


119.8 


1.2496 


1 .2013 


0.6909 


0.6642 


7.0CC 


C.75C 


3.40 


3.20 


126.5 


122. 7 


1.2684 


1.23C5 


C.7C12 


0.6803 


5CC 


1.250 


3.60 


3.25 


130. 1 


123. 7 


1.3051 


1.2401 


0 .7216 


0.6856 


8. OOC 


1. 75C 


3. 90 


3.40 


135 .5 


126.5 


1.3584 


1. 2684 


0.751C 


0.7012 


8.50C 


2-25C 


4.40 


3.20 


143.9 


122.7 


1.4429 


1.23C5 


0.7977 


0.68C3 


9. OOC 


2.7fC 


4. SC 


2.90 


151. a 


116.8 


1.5227 


1.1714 


0.3418 


0.6476 


5.500 


5.25C 


5.10 


2.40 


154.9 


106 .3 


1. 5534 


1. C656 


0. 85J8 


0.5692 


10.000 


5.750 


5.10 


2. CO 


154.9 


97.0 


1.5534 


0.9728 


0.8588 


0.5376 


1C.5CC 


^.250 


4.3C 


1.70 


142.2 


89.4 


1.4264 


0.8969 


0.7886 


0.4959 


11.000 


4.750 


3.00 


1 .4C 


118.3 


81 .2 


1. 1914 


0. 8139 


0. 6587 


C.45CC 


11.500 


5.25C 


2.30 


1.20 


10 4.0 


75. 1 


1.0432 


0.7535 


0.5768 


0.4166 


12.000 


5.75C 


2.00 


0.60 


97. <3 


61.4 


C.9728 


0 .6152 


0.5378 


C. 3402 


12.5CC 


6 .250 


0.90 


0 .4C 


65. 1 


43. 4 


0. 6526 


0.435C 


0.3603 


0.2405 



INTEGRATED FLOW RATE = 84.98 CL. FT/S EC 

= 6.045 L8M/SEC 

AVERAGE VELOCITY = 99.72 FT/SHC 

PRIMARY FLCH RATE, WP = 3.757 L8M/SEC 

PRIMARY VELOCITY, LP = 180.36 FT/SEC 
MOMENTUM FACTCR, KM = I . I 50 

(c) 7 DEGREE SOLID DIFFUSOR, RUN 3 

TABLE XVI (CONTINUED) 
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OATA TAK^^ C^ 27 APRIL 197€ fiY LEMKE AND STAEHLI 

S/C=.5; L/C= 2.J: 7 DSGPrE JQLIO CIFFUSOR RING;A NOZZLE J (2 .699 IN.) 
SECCNCARY £C> CLCSEC; TERTIARY BOX CFEN 



APEIEM FRESStRE = 20.069 IN.HGA, TEMPERATLRE = 71.0 OEG.FAI-R 

FFIPAPY (LP7AKE) TEMPERATURE = 106.6 DEG.FAHR 



> R 

INCHES 


PTA 

IN. 


Pie 

H2C 


VA VB 

FT/SEC 


VA/VAV 


VB/VA V 


VA/IF 


va/LF 


C.O 


6.250 


1.60 


0.30 


36.1 


37.2 


C.9100 


0.294C 


0.47S3 


0.2C75 


C.500 


5.75C 


2.7C 


3.50 


111. a 


48.1 


1*.1321 


0.5C67 


0.6226 


0.2679 


l.OCC 


5.25C 


3.2C 


O.EO 


121.7 


60.9 


1.2869 


0.6424 


0.6778 


0.2389 


1.500 


^.750 


2.70 


C.SC 


130.9 


64.6 


1.2838 


0. 6E25 


0.72E9 


0.3595 


2.000 


4.25C 


4.C5 


1 .20 


137.0 


74.5 


1.4477 


0.7E8C 


0.76 26 


0 .4151 


2. 500 


3.750 


4.00 


1.6C 


136.1 


86. 1 


1.4388 


0.91CC 


0.7578 


0.4792 


3.300 


3.250 


^.25 


2. 1C 


14C.3 


98.6 


1.4830 


1. 0425 


0. 7812 


0. 5491 


3. 50C 


2. 75 C 


3.80 


2.7C 


132.7 


111.8 


1. 4023 


1 .1821 


0 .7386 


0.6226 


4.CCC 


2.25C 


3.75 


3.20 


131.8 


121.7 


1.3931 


1. 2E<9 


C.7338 


0.6778 


4.5CC 


1.750 


3.55 


3 .50 


123. 2 


127. 3 


1. 35 54 


1 .345E 


0 .7139 


0.7089 


i.CCC 


1.250 


3.45 ’ 


2.45 


126.4 


126.4 


1.3362 


1.3362 


0 .7C38 


C.7C38 


5.5CC 


C.75C 


3.25 


3.40 


122.7 


125.5 


1.2969 


1. 3265 


C.6831 


0.6987 


6.CCC 


C .250 


3.25 


3.20 


122.7 


121.7 


1.2969 


1.2069 


0.6831 


0.6778 


6. SCO 


C.25C 


3.25 


3.15 


122.7 


120.8 


1.2969 


1.2768 


0.6821 


C.6725 


7.000 


0 .750 


3.25 


3.30 


122.7 


123.6 


1.2969 


1.2068 


0. 6831 


0.6883 


7.50C 


I.25C 


3.4C 


3.40 


125.5 


125.5 


1.3265 


1.3265 


0.6987 


0.6987 


a . 000 


1.750 


2.70 


3 .45 


130.9 


126 .4 


1.3828 


1. 3362 


0. 7289 


0. 7038 


3.500 


2.250 


4.2 0 


3 .30 


139.5 


123.6 


: . 4743 


1.3C68 


0.7765 


0.6883 


s.coo 


2.750 


4.55 


2.C5 


145.2 


118.9 


1.5345 


1.2562 


0.8C83 


0.6617 


9.500 


2.250 


^.60 


2 .5C 


146.0 


107. 6 


1. 5429 


1.13 74 


0.8127 


0.5991 


1C. ccc 


2. 75C 


4.20 


2 .C5 


13 9.5 


97 .4 


1.4743 


1 .C3CC 


0.7765 


0.5425 


1C.5CC 


4.250 


3.45 


1.6C 


126.4 


86.1 


1.3362 


0.91CC 


C.7038 


0.4793 


ll.OCC 


4 .750 


2.60 


1 .20 


10 9.. 7 


77. 6 


1. 1600 


0 . £2 C2 


0.6110 


0.4320 


11.5CC 


5.250 


2.30 


l.CO 


103.2 


68.1 


1.0910 


0.7194 


0.5747 


0.2789 


12.00C 


5 .75C 


1.60 


0.65 


36.1 


54. 9 


0.9100 


0. 580C 


0.4793 


0.3055 


12.5CC 


6 .25C 


1. CO 


0.25 


68. 1 


40.3 


C.7194 


0.4256 


0.2789 


0.2242 



IFTEGRATED FLCV. RATE = 80. 6Z GU.FT/SEG 

= 5..a26 LBM/SEC 

AViEF/GE VELCGITY = 9A.60 FT/SEG 

PRIMARY FLOh RATE i HP = 3. 775 L8M/SEC 

FFIMAFY VELGGI7Y, UP = 179. 6C FT/'EG 

PCMEMLM FAGTCR, KP = 1.154 

(d) 7 DEGREE SOLID DIFFUSOR, RUN 4 

TABLE XVI (CONTINUED) 
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DATA TAKEN ON 11 MAY 1«78 EY LENKE A ^D S7AEHLI 

S/C=.5; L/0= 2.5; TViO SCLIC DIFFUSOR RINGS; 4 NO 2ZLE S ( 3 . 69S IN.) 
SECCNOARY ECX CPEN; TERTIARY BOX OPEN 



ANEIENT FRESSLFE = 30.128 IN .HGA , TEMPERATURE = 76.0 DEG.FAFR 

PRIMARY (UPTAKE) TEMPERATURE = 111.5 OEG.FAHR 



X R 

INCHES 


PTA 

IN 


PT6 

.H20 


V4 

FT/ 


VB 

SEC 


VA/VAV 


va/v^v 


VA/IP 


VB/UP 


C.Q 


7.CC0 


0.30 


O.Cl 


37.4 


6 .0 


0.4567 


0.0024 


0.2078 


C. C379 


C.5CC 


S.5CC 


0.55 


0. 15 


50. .6 


26.4 


0.6104 


0.2229 


C .2014 


0. 1469 


l.COC 


6. CCC 


1.40 


0.25 


00.0 


40.4 


C.9066 


0.4933 


0.4489 


0.2245 


1.500 


5.5CC 


2.75 


0.75 


113.2 


59.1 


1.3827 


0.7221 


0.6292 


C.3206 


2.000 


5 .OOC 


3.55 


1.40 


120.7 


00.8 


1.5710 


0.9066 


0.71^9 


0.4489 


2.50C 


<.50C 


4. 1C 


1.85 


130.3 


92.9 


1.6003 


1.1341 


0.7682 


0.5161 


3.000 


4.000 


4.40 


2.C5 


143.3 


97.8 


1.7490 


1. 1938 


0.7959 


0.5432 


3.500 


3.500 


4.20 


2.70 


140.0 


112.2 


1.7000 


1.37C1 


0.7776 


0.6234 


^.000 


2.000 


4.00 


2.65 


136.6 


115.3 


1.6676 


1.4C76 


0.7580 


0. 6405 


4.500 


2.500 


3.90 


3 .2C 


134. 9 


122. 2 


1.6466 


1. 4916 


0.7493 


0.6767 


5. CCC 


2. COC 


2.65 


3 .3C 


13 C.5 


124. 1 


1.5930 


1 .5147 


0.7249 


0.6092 


5.500 


1.500 


2.40 


3 .25 


125.9 


123.1 


1.5375 


1. 5032 


C.6996 


0.6040 


s.ccc 


1.000 


3.25 


3 .20 


12 3.1 


122. 2 


1. 50 32 


1 .4916 


0 .60 40 


0.6707 


6. SCO 


C.500 


3. 10 


3.15 


12C.2 


121.2 


1.4601 


1.4799 


0.668C 


C. 6734 


7. CCC 


C.O 


3.20 


2. 10 


122.2 


120.2 


:.4916 


1.4881 


C.6787 


0. 6600 


7.5CC 


C .50C 


3.15 


3.15 


121.2 


121.2 


1.4799 


1.4799 


0.6734 


0.6724 


8.OC0 


l.COC 


3 .25 


3.30 


123.1 


124.1 


1.5032 


1.5147 


0.6840 


C.6892 


0.500 


1.50C 


3.40 


3.35 


125.9 


125.0 


1.5375 


1.5261 


0.6996 


0.6944 


5.0CC 


2. OOC 


3.6C 


3.30 


133.1 


124.1 


1.6254 


1.5147 


0.7396 


0.6892 


9.500 


2^500 


4.15 


3. 1C 


139.1 


120 .2 


1.6906 


1. 4681 


0. 7729 


0. 668C 


10.000 


3.000 


4.55 


2.60 


145.7 


110. 1 


1.7706 


1.3445 


0.0092 


0.6118 


1C.50C 


3.500 


4.20 


2.4C 


141.6 


105.0 


1.7290 


1.2917 


0.7060 


0.5070 


11.000 


4.000 


4.10 


2 .CC 


138. 3 


96. 6 


1. 6003 


1 . 1 7 92 


0.7603 


0.5366 


11. 5CC 


4.5CC 


3.20 


1 .5C 


122.2 


33.6 


1. 4916 


1 .C212 


0.6787 


0.4647 


12.000 


5.000 


2.20 


1.C5 


103.6 


70.0 


1.2645 


0.8544 


C.5754 


0.3000 


12.5CC 


5.50C 


1.40 


0 .60 


00. 8 


52. 9 


0.9066 


0.6459 


0 .4409 


0.2939 


13. CCC 


6.000 


0.80 


0.15 


61.1 


26.4 


0.7450 


0.3229 


0. 3294 


C. 1469 


13.5CC 


6 .50C 


0.30 


0 .05 


37.4 


15.3 


0.4567 


0.1864 


0.2070 


0.0840 


14.0CC 


7. COC 


0.15 


O.C 


26.-4 


0.0 


C.3229 


0.0 


0. 1469 


0.0 



INTEGRATEC FLCh FATE = 87.56 CU. FT/SEC 

= 6.284 LBM/SEC 



AVERAGE VELOCITY = 81. SO F7/SEC 

PRIMARY FLOW RATE, WP = 3.758 LBM/'EC 

FFIMAFY VELOCITY, UP = 179.99 FT/SEC 
MCMEMLM FACTOR, KM = 1.2ES 

(e) TWO-RING DIFFUSOR 
TABLE XVI (CONTINUED) 
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C4TA TAKE^ CN JULY 1=76 EY LEMKE AND STAEhLI 

S/0=.5; 1/0= 2.5; THREE SCIIC OIFFUSCF RINGS; A NOZZLES ( 2 .699 IN.) 
SECONCARY ECX CPEN; TEFTlAFY BOX OPEN 



APEIENT FRESSLFE = 29.969 IN.HGA, 7EPPEPATUPE = 85.0 DEC.FAFR 

FPIFAFY (LPTAKE) TEMPERATURE = 11A.5 CEG.FAFR 



X R 

INCHES 


FTA 

IN. 


PTE 

h2C 


VA VB 

FT/SEC 


VA/VAV 


VB/VAN) 


VA/IP 


VB/UF 


c.c 


l.COC 


0.20 


0 .C2 


30. B 


9.7 


0.38 29 


0-1214 


0.1699 


0.0537 


C.5CC 


6. 5CC 


0.80 


0.20 


61.5 


30.8 


0.7679 


0.2839 


0.3399 


C. 1699 


1-CCC 


6.0C0 


1.90 


0 .6C 


94.9 


53.3 


1. 1824 


0.665C 


C-5238 


0.2943 


1.50C 


5.5CC 


3.05 


l.CO 


120.2 


68. 6 


1.4993 


0- 8585 


0 .6 636 


0.3800 


^•OCC 


5. CCC 


3.60 


1.40 


13C.6 


81.4 


1.6289 


1.0158 


0.721C 


0.4496 


2.5CG 


k .5CC 


3.85 


1.70 


135.0 


89. 7 


1.6845 


1.1193 


0-7456 


0.4955 


2.00C 


^ .ooc 


4.CC 


2.20 


137.6 


10 2.1 


1.7170 


1 .2734 


0.76C0 


0.5636 


i- 50C 


3 .5CC 


3.90 


2.70 


135.9 


113-1 


1- 6954 


1.41C6 


0.75C4 


C.6244 


4.000 


3.000 


3. 65 


3.10 


135.0 


121.2 


1.6845 


i.5115 


0-7456 


0.6691 


4. 500 


2. 50C 


3.75 


3.50 


133.3 


128.7 


1.6625 


1.6C61 


0.7359 


0.7109 


5.000 


2.000 


3.60 


2.4C 


12C.6 


126-9 


1.6289 


1. 583C 


0-7210 


C. 7CC7 


5.5CC 


1.500 


2.50 


3. 4C 


12 8.7 


126. 9 


1. 6oa 


1 .5830 


0 .7109 


0.7007 


6.000 


1.000 


2.35 


3.35 


125.9 


125.9 


1.5713 


1. 5712 


0. 6955 


C. 69 55 


6.5CC 


0.500 


3.20 


3.15 


123.1 


122. 1 


1. 5357 


1 .5237 


0 -6798 


0.6744 


7. 000 


0.0 


3. 25 


3.20 


124.1 


123.1 


1.5477 


1 .5357 


0.6350 


0.6798 


7.5CC 


C.500 


3.40 


3.2C 


126.9 


125.0 


1.58 30 


1.5595 


C-70C7 


0. 6903 


e.ooc 


l.OOC 


3.60 


3.40 


120.6 


126. 9 


1.6239 


1.5830 


0 -7210 


0.7007 


6.5CC 


1. 5CC 


3. 90 


^ . c c 


135. 9 


125 .9 


1.6954 


1.5713 


0.75C4 


C.6955 


s.occ 


2 .COO 


4.35 


3.20 


143. 5 


123 .1 


1.7905 


1.5257 


0 .792 5 


0. 6798 


S. 5CC 


2 .50C 


4. ec 


2.60 


15 0.8 


111 .0 


1.8809 


1.3843 


0.8225 


0.6i27 


IC.GOG 


3 .CCC 


5 .CO 


2 .10 


153.9 


99 .7 


1.9196 


1.2441 


0.8497 


0.55C7 


10.500 


3.500 


4.70 


1.70 


149.2 


89.7 


1-8612 


1.1193 


0.8238 


0.4955 


11.000 


-^.CCC 


3.85 


1 .25 


135.x: 


76.9 


1.6845 


0.9598 


0.7456 


0.4248 


11.500 


4.500 


2.00 


C.9C 


119.2 


65.3 


1.4870 


0. 8144 


0- 6582 


C.36C5 


12. CCC 


5. CCC 


1.8C 


0.50 


92. 3 


43.7 


1.151 6 


C.6C7G 


0 .5098 


0 -2687 


12.500 


5.500 


1.10 


0 .20 


72.2 


30.8 


0.9004 


0.3829 


0.3985 


0. 1699 


13. CCC 


6.000 


0.60 


O.IC 


53- 3 


21. 8 


0. 6650 


C.2715 


0 .2943 


0.1202 


13.5CC 


6.500 


0.15 


0.C3 


26.7 


11.9 


0.3325 


C.1487 


0.1472 


C.0658 


14. CCC 


7.000 


0.05 


o.c 


15.4 


0-0 


0. 19 20 


O.C 


0.0850 


0.0 



INTEGRATED FLOW RATE = 85.69 CU. FT/SEC 

= 6.. 057 LBM/SEC 

AVERAGE VELOCITY = 80.16 FT/SEC 

FPIMAPY FLCW PATE, hP = 3.741 LEM/SEC 

PRIMARY VELOCITY, UP = 181. C9 FT/SEC 
MCMENTLM FACTOR, KM = 1.318 

(f) THREE-RING DIFFUSOR 
TABLE XVI (CONTINUED) 
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CA7A TAKEN ON 7 AUGUST 1S7E ET LEMKS AND STAEUI 
S/C = .5 ; L/C = a. E 

FOPTEC STACK; 4 KCi/LES (3.699 IN.); A-1 B-1 C-2 C-2 CONFI GERAT ION 



AFEIEKT FPESSOPE = 29.954 IN.HGA, TEMPERATURE = 102.0 DEG.FAHR 
PPIHARV (UPTAKE) TEMPERATURE = 132.8 DEG.FAHR 



Y D 

INXHES 


PT4 

IN 


PTB 

.H2Q 


VA V3 

FT/sec 


VA/V AV 


V e/VAV 


VA/LP 


VE/LP 


C*0 


5.675 


1.90 


1 .30 


96.4 


79.7 


0.8077 


C.6661 


0.5248 


0.4341 


0 .500 


5 .375 


2.70 


1.65 


114.9 


95.1 


0‘.9 629 


0. 7 57C 


0. 6256 


0. 51 76 


l.CCC 


^.875 


3.10 


2. 25 


123. 1 


104.9 


1.031 6 


C.8790 


0 .6703 


0.5711 


1.500 


A. 375 


3.70 


2.55 


134.5 


111 .6 


1.1272 


0.9356 


0. 7324 


0. 6080 


2.0CC 


2 .875 


3.75 


2.50 


15 5. 4 


119. 1 


1. 1348 


C. 5575 


0 .7373 


0 .6484 


2 . fCC 


2.375 


3. 80 


3.35 


136 .3 


128.0 


1.1423 


1.07^6 


0.7422 


0.6969 


3.CCC 


2.875 


3.60 


3.85 


132.6 


137.2 


1 . 1 1 19 


1.1456 


C.7224 


0.7470 


r.'5CC 


2.275 


3.50 


4.05 


130. 8 


140.7 


1.0963 


1.1792 


0 .7123 


0-7662 


^.OCO 


1.675 


3.35 


3.55 


128.0 


138.9 


1.0726 


i. 3646 


0.6565 


0.7567 


^.5CC 


1 .3 75 


3.10 


3.60 


323.1 


122.6 


1.0318 


1.1119 


0.67C2 


0. 7224 


5.0CC 


0.875 


2. 1C 


3.45 


123. 1 


129.9 


1.0318 


1.0884 


0.6703 


0.7072 


5. 500 


0 .375 


3 .10 


3.35 


123.1 


124.1 


1.0318 


1. C4CC 


0. 67C3 


0. 6757 


6.000 


0.125 


3.20 


3.15 


125. 1 


124.1 


1.0463 


1.040C 


0.6811 


0.6757 


6.500 


0.625 


2.4C 


3.35 


128.9 


128.0 


1.0805 


1. C726 


0. 7020 


0.6569 


7.000 


3.125 


2.60 


3 .7C 


132.6 


134.5 


3. 1119 


1. 1272 


0. 7224 


0. 7324 


7.5CC 


1.625 


3.50 


3. 5C 


138. 1 


138. 1 


1.1573 


1 .1573 


0 .7519 


0.7519 


a.OOG 


2.125 


4.15 


3.50 


142.4 


138.1 


1. 1938 


1.1513 


0.7756 


0. 7519 


a. 5CC 


2.625 


4.40 


3 .65 


146.6 


133. 6 


i. 2292 


1 .11 55 


0 .7986 


0.7274 


5. COC 


2.125 


4.20 


3. 4C 


14 5.x 


128 .9 


1.2152 


1.C805 


0. 7 6 55 


C.7C20 


5 . 5 C C 


3.625 


4.00 


2.70 


135. B 


114.9 


1.17 20 


0.9625 


C.7615 


0.6256 


IC.OCC 


4.125 


3.30 


2.60 


127.0 


112.7 


1.0645 


0.9449 


0.6916 


0.6139 


1C. 50C 


4.625 


2. 70 


2.60 


114 .9 


112.7 


0.9629 


0.9449 


0.6256 


0.6129 


ll.OCC 


5 .125 


2.20 


2.2C 


10 3.7 


103 .7 


C. 8692 


0.8652 


0.5647 


0.5647 


11. 50C 


5.625 


1.65 


1.80 


89.8 


93 .8 


0.7527 


0.7862 


0.4851 


0.51C8 


11. 750 


5.675 


1 .50 


1 .30 


85 .6 


79 .7 


0.7177 


0. 66 61 


0.4663 


0.4341 



INTEGRATED FLOU PATE = 89.83 CU .FT/SEC 

= 6.152 LBM/SEC 



AVEPAC-E VELOCITY = 119.30 FT/SEC 
FFIFAFY FLCK PATE, WP = 3.674 L8H/SEC 

FFIMAPY VELOCITY, UP = 183. A2 FT/SEC 
FCFENTLM FAC7CF, KP = 1.019 

TABLE XVII. EXIT VELOCITY DATA FOR STRAIGHT PORTED MIXING 
STACK 
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CATA TAKEN ON 16 AUGUST 1978 BY LEMKE ANO STAEHLI 
S/C = .5; L/C = 2.5t Tk«C SCUD OIFFUSCR RINGS 

FCFTEO MXING STACK; 4 N022LES (3.699 IN.); A-1 8-1 C-2 D-2 CONFI GLRAT ION 



AKBIENT PRESSURE = 29.978 IN.HGA, TEMPERATURE = 68.0 OEC-.FAHR 

PFINAPY (UPTAKE) TEMPERATURE = 112. C DEG.FAHR 



X R 

INCHES 


FTA 

IN. 


FTE 

H20 


VA 

FT/ 


VB 

SEC 


VA/VAV 


VB/V^V 


VA/LP 


V8/UP 


C.O 


7.000 


0. 15 


0.C2 


26.4 


9. 7 


0.3434 


0.1254 


0. 1462 


C.0534 


C.5CC 


6 .50C 


0.40 


0 .04 


43.2 


13.7 


0.5608 


0.177A 


C.2367 


0.0755 


l.OCC 


6.CCC 


1.20 


0. 28 


74.8 


36.1 


0.9714 


0-4692 


0 .4124 


C.1997 


1.50C 


5 .5CC 


1. 90 


0.65 


94.1 


55.0 


1.2223 


0.7 149 


0.52C2 


C.3043 


2.CCC 


5.000 


2.80 


0.85 


114.2 


62 .9 


1.4838 


0-8176 


0.6315 


0-348C 


2.50C 


4.50C 


3. 9C 


1.20 


134.8 


74 .8 


1.7512 


0.9714 


0.74S3 


0.4134 


i.OOC 


4.00C 


4 .50 


1.60 


144.8 


86 .4 


1. 8811 


1-1211 


C. eoc6 


0.4 774 


3.500 


3.500 


4.70 


2-lC 


148.0 


98.9 


1.9225 


1-2850 


0.8162 


0.5469 


4.000 


3. COC 


4 . 6 C 


2.5C 


146.4 


107.9 


1.9019 


1.4C21 


0.8095 


0.5968 


4.500 


2.500 


4.30 


3.CC 


141.6 


118.2 


1 .83 88 


1.5359 


0 . 7826 


0. 6537 


5.C0C 


2.000 


4 .15 


3. 40 


13 9. 1 


125. 9 


1 . 80 65 


1 .6351 


0 .7689 


0.6959 


5.50 0 


1.50C 


3.90 


3 .6C 


134.8 


129.5 


1.7512 


1.6625 


0.7453 


0.7161 


6.CCC 


I. 000 


3.65 


3 .65 


13 C. 4 


130. 4 


1. 6942 


1 .6^42 


0 -7211 


0 .7211 


6.500 


0.500 


3.45 


3. 50 


126.B 


127.7 


1.6471 


1.6590 


0. 7C1C 


0.7C6 1 


4.CCC 


C.O 


3.40 


3 .45 


125.9 


126.8 


1.6351 


1.6471 


C.6959 


0.7010 


7.5CC 


C.5CC 


3.45 


3.53 


126.8 


128.3 


1.6471 


1.6661 


0 .7010 


0.7C91 


8.0CC 


l.CCC 


3.65 


3.70 


130.4 


131.3 


1.6942 


1.7057 


0.7211 


0.726C 


8.500 


1 ,500 


4.05 


3.70 


127.4 


131 -3 


1.7846 


1-7057 


0 -7595 


0. 726C 


9.0CC 


7.Q0C 


4.5C 


3.40 


144.8 


125.9 


1.8811 


1 .635 1 


0.8006 


0.6959 


9.500 


2.500 


4.95 


2-95 


151.9 


117 .3 


1- 9729 


1- 5231 


0. 6397 


C.6482 


10.000 


3.000 


5.05 


2. 5C 


153.4 


107.9 


1.992 8 


1.4021 


0 .8461 


0.5966 


1C. 500 


3. 500 


4.7C 


2.00 


148.0 


96.5 


1.9225 


1.2541 


C.8162 


0. 5337 


11 .000 


4 .000 


3.70 


1.6C 


121.3 


86.4 


1.70 57 


1- 1217 


0. 7260 


0.4 774 


11. 5CC 


4.5CC 


2.80 


1.25 


114.2 


76.3 


1.4338 


0.9914 


0 -6315 


0.4220 


12.0CC 


5-000 


1.80 


o.ec 


91.6 


61.1 


1. 1897 


0.7931 


C.5064 


0.3376 


12.5CC 


5.50C 


1.00 


0.40 


6 8.3 


43. 2 


0.8868 


C.56C8 


0 .3774 


0.2387 


13. COC 


6.00C 


0. 40 


0.20 


43.2 


30.5 


0.5608 


0 .3966 


0.23 67 


C. 1688 


13.5CC 


6.50C 


0.20 


0 .03 


30.5 


11-8 


0.3966 


0.1536 


0.1688 


0.0654 


14.0CC 


7. COC 


0.15 


0.0 


26.4 


0.0 


0.3434 


0.0 


0 .1462 


0.0 



INTEGFATEO FLOK RATE = 82.30 CU. FT/SEC 

= 5.910 LEM/SEC 



AVERAGE VELOCITY = 76.99 FT/SEC 

PRIMARY FLOW RATE. WP = 3.754 L8M/SEC 

PRIMARY VELOCITY, LF = 180.88 FT/SEC 
MCMEMLM FAaCP, KM = 1.355 

TABLE XVIII. EXIT VELOCITY DATA FOR STRAIGHT PORTED MIXING 
STACK WITH A TWO -RING DIFFUSOR 
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Htl« 




C47A TAKEN CN 21 AUGUST 1S7E E7 LEMKE AND STAEHLI 

S/0 = .5; L/D = 2.5. TV-C SCUD OIFFUSCR BINGS ANC ShRQUC 

PCBTEC FIXING stack; 4 NCZ2LES (3.69S IN.) : A-1 S-1 C-2 0-2 CON F I GL'F AT ION 



A)<elENT PRESSLBE = 29.980 IN.HGA, TEPPEBATLBE = 88.0 DEG.FAFR 

FRINABT (UPTAKE) TEMPERATURE = 124.0 OEG.FAHR 



X R 

INCHES 


PTA 

IN. 


PTB 

H2C 


VA VB 

FT/SSC 


VA/VAV 


VB/VAV 


VA/LP 


VB/UF 


o 

• 

o 


7,030 


0.25 


0 .C2 


34,6 


9. 8 


0. 41 31 


0, 1168 


0. 1900 


0.0537 


C. 5CC 


6,5C C 


C. 70 


C.IC 


57.9 


21.9 


0.6913 


0.2613 


0,31 19 


0,1202 


1,000 


6,CC0 


1.70 


0 ,4C 


90,2 


43.8 


1.0773 


0.E226 


C.4955 


0. 2403 


1.5CC 


5 ,5CC 


2.80 


0 .80 


115. 8 


61.9 


1. 3826 


C. 13 9C 


0 ,6359 


0.3399 


2. CCC 


5. CCC 


3. 70 


1.2C 


133 .1 


75.8 


1.5893 


0,9051 


0 ,73 1C 


0.4163 


2.5CC 


A.50C 


4.10 


1 .60 


140.1 


87,5 


1.67 30 


1.C451 


C,7695 


0.4807 


3,000 


A. COO 


4.30 


2.20 


143.3 


102.7 


1.7133 


1,2255 


0 .7880 


0.5636 


3. 5CC 


3 ,5CC 


4 .45 


2.60 


146.0 


111.6 


1.7430 


i.3323 


0.8C16 


0. 6127 


A, 000 


3 ,CCC 


4,30 


3.20 


143. 5 


123,8 


1.7133 


1,478C 


0.7880 


0,6798 


4.5CC 


2.50C 


4.10 


3,45 


14C. 1 


128,6 


1.6730 


1.5347 


0.7695 


0.7058 


5. CCC 


2,000 


3.85 


3 .60 


135 ,8 


131.3 


1.6212 


1,5617 


C. 7456 


0.721C 


5.50C 


1.50C 


3.65 


3,65 


132.2 


132,2 


1.5785 


1.5785 


0.7260 


0.7260 


CCC 


l.CCC 


3.48 


3.55 


129.1 


130.4 


1. 5413 


1.5566 


0.7C89 


0.716C 


6.500 


0.500 


3 .30 


3.3C 


125, 7 


125. 7 


1.5009 


1.5CC9 


0.6903 


0 . 6 9 C3 


7, CCC 


C.C 


3.30 


3,25 


125. 7 


124.8 


1. 500 9 


1 .4895 


0 ,6903 


0.685 1 


7.500 


C.500 


3.35 


3,35 


126.7 


126.7 


1.5123 


1.5123 


C.6955 


0.6955 


f.OCC 


l.COC 


3.55 


3 .50 


130. 4 


129. 5 


1. 5568 


1.5456 


0 .7160 


0,7109 


E. 5CC 


1.5CC 


3.90 


3. 7C 


136.7 


133 .1 


1.6317 


1.5893 


0.75C5 


0,7310 


s.occ 


2.00C 


4.25 


3.90 


142,7 


136.7 


1.70 33 


1,6311 


C.7834 


0.7505 


S.50C 


2.50C 


4.35 


3, 75 


144. 4 


134. C 


1.7233 


1.60CG 


0 .79 26 


0.7359 


3C.000 


3. CCC 


4.35 


3.4C 


144.4 


127.6 


1.7233 


1.5235 


0,7926 


C.7CC7 


10.500 


3,5CC 


3.90 


2.75 


136.7 


114.8 


1.6317 


1.37C2 


0.75C5 


0.63C2 


11. CCC 


4. CCC 


3. 1C 


2.2C 


121.9 


10 2.7 


1.4547 


1 ,2255 


0,6691 


0.5636 


11,500 


4 ,5 00 


2 .30 


1,75 


105.0 


91. 6 


1 .2531 


1. 0930 


0. 5763 


0. 5C27 


12,000 


5.000 


1 .60 


1. 20 


87.5 


75.8 


1 .0451 


C.9051 


0.48C7 


0.4163 


12.500 


5.500 


0.82 


O.EC 


62.7 


61.9 


C.7482 


0.739C 


. 0,3441 


0. 3399 


13,000 


6 .000 


0.55 


0,35 


51. ^ 


40.9 


0.6128 


0. 4888 


0. 2818 


0.224 8 


13.5CC 


£ ,5CC 


0.20 


0,15 


31. 0 


26.8 


0.3695 


C.32C0 


0 .1699 


0.1472 


13,990 


l.COC 


0.05 


0 ,C3 


15.5 


12.0 


0. 1848 


0.1431 


C.C850 


0.0658 



INTEGRATED FLOW RATE = 39.42 CU. FT/SEC 

= 6.248 LBM/SEC 

AVERAGE VELOCITY = 83.77 FT/SEC 

PFIMARY FLOW RATE, UP = 3.703 LEM/SEC 

FFINAFY VELOCITY, UP = 182.14 FT/SEC 
MCMENTLM FACTOR, KN = 1.'236 

(a) SHROUD WITH A TWO-RING DIFFUSOR 

TABLE XIX. EXIT VELOCITY DATA FOR A SHROUDED PORTED MIXING 
STACK WITH DIFFUSOR 
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C^TA TAKEA CN 29 AUGUST Bt LEMKE ANC STAEHLl 

S/0 = .5; I/O = 2.5, TV.C SCIIC DIFFUSER PINGS ANC SHROUD 

FCRTEC MIXING STACK: A NCZZLES (3.6SS IN.) : A-1 B-1 C-2 D-2 CCNf IGUFATION 



AP81ENT FRESSLFE = 29.902 IN.HGA, TEMPERATURE = 80.0 DEC.fAHR 

FFIMAFY (UPTAKE) TEMPERATURE = llA.O CEG.FAFR 



^ R 

INCHES 


FTA 

IN, 


FTE 

H2C 


VA VB 

FT/5EC 


VA/VAV 


VE/VAV 


VA/IF 


VB/UF 


C-C 


7.C0C 


0.25 


0 -C5 


34. 4 


15. 4 


0. 4201 


0.1 679 


0 .1895 


0 .0847 


C.500 


6,50 0 


0,65 


0,10 


55,4 


21.7 


0.6775 


0 .2657 


0.3C55 


0. 119 8 


l.CCC 


6.CCC 


1.60 


0.12 


87.0 


23.8 


1.0629 


0.2911 


C.4794 


0.1313 


1.5CC 


5,5CC 


2. SO 


3.40 


117.1 


43 .5 


1.4310 


0.5314 


0 .64 53 


0.2397 


2.0CC 


5.CCC 


3. 80 


0,60 


134 ,C 


61,5 


1,6380 


0.7516 


0.73 E7 


0.3390 


2.5CC 


4.500 


4.-^0 


1. <0 


144.2 


75 .3 


1.7626 


0.92C5 


0.79^9 


0. 4151 


2,000 


A .OOC 


4.^C 


1.45 


144, 2 


62.8 


1.7626 


1.0118 


0.79^9 


0.4563 


2.50C 


2 .50C 


4.50 


2.20 


145.8 


10 2 .0 


1. 7825 


1.2464 


0, 8029 


0.5621 


4,000 


2,000 


^.35 


2.65 


143.4 


111.9 


1.7526 


1.3679 


0.79C4 


0.6169 


^,500 


2,500 


4,15 


3 ,10 


140,0 


121.0 


1.7118 


1.4795 


0.7720 


0.6672 


5,000 


2,000 


2.95 


2.5C 


136.6 


128.6 


1.6701 


1. 572C 


0.7522 


0. 709C 


5,5CC 


1.5CC 


3.75 


3.85 


13 3, 1 


134,9 


1, 62 72 


1 .64 38 


0 .7339 


0 .7436 


6,000 


l.COO 


2.67 


2 , S 5 


131,7 


136.6 


1.6098 


1.67C1 


0.726C 


0. 7522 


6.5CC 


0 .500 


2.60 


2.6C 


13C. 4 


134. 0 


1. 5943 


1 .638C 


0 .7190 


0.7387 


7,000 


0,0 


3, 70 


3, C5 


132,2 


131.3 


1.6163 


1.6054 


0. 7289 


0.7240 


7,5CC 


C.500 


3,80 


3,65 


134.0 


131.3 


1.6380 


1.6C54 


0.7387 


0,7240 


8,00C 


1 lOCC 


4.10 


3.65 


139. 2 


131.2 


1. 7015 


1.6054 


0 .7673 


0.7240 


e. 50C 


1.5CC 


4,35 


3,80 


143 ,4 


134 .0 


1.7526 


1.6280 


0.7SC4 


0.7387 


s.occ 


2 -CCC 


A .50 


4.00 


145.8 


137.5 


1.7825 


1.68C6 


0 .8029 


0.7579 


S.5CC 


500 


4.7C 


3,95 


149,0 


136.6 


1.8217 


1.67C1 


0.8216 


0.7532 


lO.OOC 


2,000 


4.^0 


3.76 


144,2 


133 .2 


1. 7626 


1. 6294 


0, 7949 


C.734 8 


10.500 


2,500 


3. 65 


3.25 


131.3 


125 .8 


1.6054 


1.5380 


0.72^0 


0.6936 


11,000 


^,000 


2,65 


2,S5 


116,1 


118. 1 


1.4186 


1.4423 


0.6398 


0.6509 


11.500 


^ .500 


1.80 


2.25 


92,2 


103 .1 


1. 1274 


1. 26C4 


0. 5064 


0.5684 


12.000 


5,000 


1,00 


1.65 


68, 7 


88.3 


0. 8403 


1 .0794 


0.3790 


0.4868 


12.500 


5.500 


0.60 


1.15 


52.2 


73,7 


C.6509 


0.9C11 


0. 2925 


0, 4C64 


13.CCC 


6 .000 


0.20 


0.7C 


37. 7 


57. 5 


0. 4602 


0.7C3 C 


0 .20 76 


0.3171 


13,500 


6,500 


0, 10 


0,20 


21.7 


37.7 


0.2657 


0 .4602 


0. 11 98 


0. 2076 


l^.CCC 


7.C0C 


0.05 


0.0 


15.4 


0. 0 


0. 18 79 


0.0 


0 .0847 


0.0 



IKTEGPATEO FLOK RATE = 87. AS CU. FT/SEC 

= 6. 19A LBM/SEC 



AVERAGE VELOCITY = 81.81 FT/SEC 

PRIMARY FLOW RATE, WP = 3.7A2 LSM/SEC 

PRIMARY VELOCITY, UP = 181. AO FT/SEC 
MOMENTUM FACTCR, KM = 1.312 

(b) SHORTENED SHROUD WITH TWO-RING DIFFUSOR 
TABLE XIX (CONTINUED) 
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OATA TAKEN GN 2S AbC-LST BV LE^KE A NO STAEHLI 

S/C = .5; L/O = 2.5.FLCV TNRU SHROUD AND OIFFU'OR RING 

FCFTEO FIXING STACK: 4 NOZZLES (3.699 IN.) : A-1 B-1 C-2 0-Z CONFIGURATION 



ANEIENT PRESSLRE = 29.902 IN.HGA, TEFPERATURE = £0.0 OEC.fAFR 

PRIFARY (UPTAKE) ItNPERATURE = 114. C OEG.FAHR 



> R 

INCHES 


PTA 

IN. 


PT8 

1*23 


VA VB 

FT/SEC 


VA/VAV 


VB/VAV 


VA/IP 


ve/up 


C.C 


7. CCC 


C.25 


C. 35 


34.4 


26.6 


C.4049 


0.3136 


0.3898 


0. 1468 


C.5CC 


6.5CC 


0.65 


C.55 


55.4 


51 .C 


0.6529 


0.60C5 


0.3085 


C.281C 


l.CCC 


8. CCC 


1.50 


1.15 


84.2 


73.7 


C.9918 


0.8684 


0.4643 


0.4064 


3.5CC 


5.5CC 


2 .7C 


1.35 


113.0 


79 .9 


1.3306 


0.94C9 


0.6227 


C.44C3 


2.000 


5 .000 


3.80 


2. CO 


134.0 


97.2 


1.5785 


1.1452 


0.7387 


0.5359 


2.5CC 


^.50C 




2.5C 


144.2 


108.7 


1.69 86 


1 .28C4 


0.7949 


0.5992 


3.000 


4.000 


4 .55 


2.85 


146 .6 


116.1 


1.7273 


1. 367C 


0. 8084 


0. 6398 


3.500 


3.500 


4.50 


3.30 


145.8 


124.9 


1.71 78 


1.4710 


0 .80 29 


0.6884 


^.OOC 


3.CC0 


^.30 


3.75 


142.5 


133. 1 


3.6792 


1.5681 


0.7858 


0.7339 


4.500 


2 .500 


^.15 


3 .«C 


14 0.0 


135. 8 


I. 6496 


1. 59«2 


0.77 20 


0 . 74c4 


5. CCC 


2.CCC 


4.00 


3.J5 


137.5 


134.9 


1. 6195 


1 .5 889 


0 .7579 


0.7436 


5.5CC 


3. SCO 


3.70 


3.80 


132.2 


134.0 


1.5576 


1 . 5 "i 6 5 


C.7289 


0.7387 


6. CCC 


1.000 


3.50 


3 .60 


128. 6 


130. 4 


I. 5149 


1 .53 64 


0 .70 90 


0 .7190 


6.5C0 


0.500 


3.50 


3.55 


128.6 


129.5 


1.5149 


1.5257 


0. 709C 


C. 714C 


l.CCC 


C.C 


3.55 


3.55 


129.5 


129.5 


1.5257 


1. 5253 


C.714C 


0. 714C 


7.5CC 


0.50C 


3.65 


3.70 


13 3. 3 


132.2 


1.5471 


1.5576 


0.7240 


0.7289 


e.oco 


I.COC 


3.85 


4.10 


134.9 


139 .2 


1.5889 


1.6396 


0.7436 


C.7672 


8.500 


I.50C 


4.15 


4.35 


140.0 


143.4 


1.6496 


1.6889 


0.77 20 


0.79C4 


<=.00C 


;.ooc 


4.35 


4.4C 


143.4 


144.2 


1.6889 


1 .6986 


0.79C4 


0.7949 


9. 500 


2.500 


4 .50 


4.20 


145.8 


140.9 


1.7178 


1.6595 


0.8039 


0. 7766 


1C. 000 


3.000 


4.15 


3.45 


140.0 


127.7 


1.6496 


1.5C41 


0.77 20 


0.7C39 


1C. 500 


3.500 


3.40 


2.75 


126.8 


114.0 


3.4931 


1.3428 


0.6988 


0.6284 


11.000 


4.000 


2.55 


2 .25 


109.8 


103. 1 


I. 2931 


1. 2146 


0.6052 


0.5684 


31. 5CC 


4.50C 


3.95 


3 . 5C 


96. 0 


84. 2 


1.1308 


C.9918 


0 .5292 


0.4641 


12. COO 


5.00C 


1. 10 


l.CO 


72.1 


68.7 


0.8493 


0.8C98 


C.3975 


0.3790 


12.5CC 


5.50C 


0.70 


0 .55 


57. 5 


51. C 


0.6775 


0.6CC5 


0 .3171 


0.2810 


13.C0C 


6 .000 


0.35 


0.25 


4C.7 


34.4 


0.4791 


0.4049 


0. 2242 


C. 1895 


13.5CC 


6.50C 


0. 10 


0 .05 


21.7 


15.4 


0. 2561 


0.1 Ell 


0 .1198 


0 .0847 


14.00C 


7.C0C 


0.05 


0.C2 


15. .4 


9.7 


C.1811 


0.1145 


0.08^7 


0.C536 



INTEGFATEO FLOK RATE = 90.75 CU. FT/SEC 

= 6.428 L8M/SEC 

AVERAGE VELOCITY = £4.89 FI/SEC 

PRIMARY FLOW RATE i WP = 3. 742 LBF/SEC 

FFIMAFY VELOCITY, LP = 181.40 FT/SEC 
MCMENTLM FACTCP, KF = 1.2S9 

(c) FLOW-THROUGH SHROUD WITH RING DIFFUSOR 
TABLE XIX (CONTINUED) 
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APPENDIX A 



F0RT4ULAE 



Presented here are the formulae used to obtain the primary 
and secondary mass flow rates. According to the ASME Power 
Test Code [5] , the general equation for mass flow rate 
appearing in equation (a) 

W(lbm/sec) = (0.12705) K A Y F [p (a) 

a 

may be used with flow nozzles and square edge orifices pro- 
vided the flow is subsonic. In the above equation, K 

(dimensionless) represents the flow coefficient for the 

4-0 5 

metering device and is defined as K = C(1 - B ) * where 

C is the coefficient of discharge and B is the ratio of 

2 

throat to inlet diameters; A (in ) is the total cross sectional 

area of the metering device; Y (dimensionless) is the expansion 

factor for the flow; F (dimensionless) is the area thermal- 

a 

expansion factor; p (Ibm/ft^) is the flow mass density; and 
AP (inches H 2 O) is the differential pressure across the 
metering device. Each of these quantities are evaluated, 
according to the guidelines set forth in Reference [5], for 
the specific type of flow measuring device used. 

Using a square edge orifice for measurement of the primary 
mass flow rate, the quantities in equation (a) are defined 
as follows: 
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1. The flow coefficient K is 0.62 based on a 6 of 0.502 
and a constant coefficient of discharge over the 

range of flows considered of 0.60. 

2 

2. The orifice area is 37.4145 in . 

3. Corresponding to the range of pressure ratios 
encountered across the orifice, the expansion factor 
Y is 0.98. 

4. Since the temperature of the metered air is nearly 
ambient temperature, the thermal expansion factor is 
essentially 1.0. 

5. The primary air mass density is calculated using 

the perfect gas relationship with pressure and 
temperature evaluated upstream of the orifice. 

Substituting these values into equation (a) yields 

W (Ibm/sec) - (2.8882) [p AP (b) 

p ^or or 

The secondary mass flow rate is measured using long 
radius flow nozzles for which case the quantities in equation 
(a) become: 

1. For a flow nozzle installed in a plenum, 6 is approxi- 
mately zero in which case the flow coefficient is 
approximately equal to the coefficient of discharge. 

For the range of secondary flows encountered, the flow 
coefficient becomes 0.98. 

2. A is the sum of the throat areas of the flow nozzles 
in use. 
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3 . 



Since the pressure ratios across the flow nozzles 
are very close to unity, the expansion coefficient 
Y is 1.0. 

4. Since the temperature of the metered air is nearly 
ambient temperature, the thermal expansion factor 
is essentially 1.0. 

5. The secondary air mass density is evaluated using 
the perfect gas relationship at ambient conditions. 

Substituting these values into equation (a) yields the 
equation for the secondary mass flow rate measured using 
long radius flow nozzles. 

(Ibm/sec) = (0.13451) A [p^ (c) 
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APPENDIX B 



CALCULATION OF THE MOMENTUM CORRECTION FACTOR 

The momentum correction factor is defined as the ratio 
of the actual momentum rate to the pseudo-rate based on the 
bulk-average velocity. Defining the actual momentum as that 
obtained by integrating over the velocity surface, the momentum 
correction factor may be written as 

A 

m 

■'m = irV I °2 1=2 

m m Q 



The density of the air at the mixing stack exit is a 
weighted average of the densities of the primary and second- 
ary air flows. Assuming a secondary to primary mass flow 
ratio of 0.65, which is consistent with experimental results, 
is expressed as 



= P 



avg, 



1.65 



® '0. 65 + -4] 



T 

t" 



(a) 



Using this average density of the mixed flow, the mass flow 
rate leaving the mixing stack may be expressed as 



W = p U A 

m avg. m m 



(b) 



2 

where A has units of ft . Combining equations (4) and (b) 
results in an equation for the momentum correction factor 
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in terms of the experimentally determined mixing stack exit 
velocity profiles , 



K 



m 




m m 



A 

m 

/ 

0 




dA . 



(c) 



Figure 36 illustrates the orientation of the two velocity 
traverses . 

To integrate the mixing stack exit velocity over the 
three-dimensional velocity surface using only the two traverses 
requires making some approximations: 

1. Traverses A and B represent the maximum and minimum 
values of the velocity surface respectively. 

2. The three-dimensional velocity surface is symmetrical, 
i.e. a velocity traverse passing above the other two 
primary nozzles, perpendicular to traverse A, is 
equal to that of traverse A and likewise for traverse 
B. 

3. The circumferential variation of the velocity surface 
is sinusoidal with the maximum and minimum values at 
a given radius occurring at traverses A and B 
respectively. 

The velocity traverse obtained experimentally consists of 
discrete points rather than a continuous curve. Each of these 
point values of velocity is representative of a radial element 
of the velocity traverse of length equal to the spacing betv/een 
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successive points. The procedure is to fit a circumferential 
sinusoidal curve through the maximum and minimum velocities 
of traverses A and B respectively. Then treat this circum- 
ferential band as representing a segment of the velocity 
surface of incremental width dr equal to the spacing between 
the data points and integrate circumferentially over successive 
radial elements. Completion of the integration yields the 
actual momentum of the mixed gases leaving the exit of the 
mixing stack. 
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APPENDIX C 



UNCERTAINTY ANALYSIS 



The determination of the uncertainties in the experimen- 
tally determined pressure coefficients, pumping coefficients, 
and velocity profiles was made using the method described by 
Kline and McClintock [ 6 ] . The uncertainties obtained by 
Ellin [1] using the second order equation suggested by Kline 
and McClintock [ 6 ] are all applicable to the experimental 
work reported herein and are summarized in the following table. 



T 

s 

T 

P 

P 

a 

AP 



P 



V 



P 

u 



AP^ (t) 



P 

or 



AP 



or 



T 



or 



T 

a 

PT (tt) 



TABLE XIV 

UNCERTAINTY IN MEASURED VALUES 

\ 

± 1 °R 
± 1 °R 



0.01 


psia 


0.01 


in . 


H 2 O 


0.01 


in . 


H^O 


0.05 


in . 


H 2 O 


0.01 


in . 


H^O 


0.01 


in . 


H 2 O 


0.20 


in . 


H 2 O 



± 1 °R 
± 1 °R 

± 0.1 in. H^O 
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UNCERTAINTY IN CALCULATED VALUES 



AP* 

T* 



1.9 % 



W*T* 



0.44 



1.4 % 



V/V 



avg 



2.5 % 



(t) The pressure differential across the secondary 
flow nozzles, P , is the major source of 
uncertainty in tHe pumping coefficient. 

(tt) The measurement of the total pressure for the 
velocity profile is the major source of 
uncertainty in the velocity calculation. 
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EPILOG 



The authors feel that this has been a joint thesis in 
every phase of its production. From planning, fabrication, 
and testing through the computing and compiling of the data, 
we feel that both members of this thesis team have contributed 
equally. The rough drafts for the Introduction, Theory and 
Analysis, and Experimental Apparatus sections were written 
by Lt. Staehli. The rough drafts of the Experimental Methods 
and Experimental Results sections were written by Lt. Lemke. 
The Conclusions and Recommendations were by both authors as 
were the final corrections and additions to the rough copy. 
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